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TULAMEKN  DISTRICT 

JdUTIMII   COMMIUA 

in 
Charles  Camsell. 

CHAPTER  I. 

IXTRODllTIO.V. 

General  Statement. 

Previous  in  tlic  iMiiim.'iic<-iiiiMit  uf  ihe  prfiorit  goolujjjiL'al  wurk 
in  the  Tulaiiiecu  ana,  tlio  district  was  little  known  to  gcologistj  or 
the  mining  public  oxoopt  in  su  far  as  its  gold  placer  deposits  were 
coiicornod,  and  from  the  faet  that  these  placer  deposits  contained 
platinum  in  relatively  greater  (juantity  than  those  of  any  other  part 
of  North  America,  fiom  preliminary  examinations  made  in  litOG 
and  1908  and  from  its  brief  literature  it  was  ascertained  that  the 
fielil  offered  a  number  of  interesting  problems  in  purely  geological 
subjects,  and  contained  a  groat  variety  of  mineral  deposits  which 
might  prove  to  bo  of  some  economic  importance  in  the  future. 

fieological  work  in  this  field  was,  therefore,  undertaken  by  the 
Survey,  for  the  purpose  of  .  .udying  these  geological  problems  and 
oxa.nining  the  nature  ami  occurrence  of  the  mineral  deposits,  so 
that  some  as-istanco  might  be  rendered  to  i)rospectors  and  owners 
of  mineral  claim-,  who  had  l)een  working  in  the  district  without 
much  knowledge  ,.l'  the  gcnl.ioical  conditions  under  which  these 
mineral  deposits  occuried.  Also,  the  district  lay  in  the  path  of  a 
projected  railway  lin.'  which,  when  built,  would  connect  the  mining 
centres  in  the  interior  of  British  Columbia  with  the  cities  on  the 
coa<t,  and  it  was  important  on  that  account  that  the  geology  should 
111'  worked  out  ami  a  report  made  ou  the  varii-ty.  distrib\ition,  au.i 
probable  importance  oT  1|>  mineral  dcoo-its. 
|i"M5     1 
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|.vi„.v,iiiti-,  iui.l  (i,  .liMiii,.  ;ui,l  nugite  ^J■t•llit  •.  I  lie  i.n...|U.|i!  stiction 
■  t  iK-iirl.v  ;i,l)»H»  tort  ill  v,rii,;il  hoighf.  out  l.y  thf>  Tulanieiu  river 
tliroiigh  these  r.ieks,  ,liows  that  tlie  .liirer.iil  varieiies  pass  gradu- 
ally one  into  tlie  utlier  l.y  a  cliaiif;..  in  .•oiiiiiu-itiMn.  i.cri.lotite  in  the 
centre  of  the  stook  to  p.vn.xenit.'  i.n  tlir  "iitcr  -i.!.'.  an.l  the  lati.i 
ayaiu  in  nniny  (■abe>  into  .liorite  or  ,,vcnite  on  the  extreme  edge  of 
the  body.  The  traiii-itioii  iniliiNite-;  a  coninion  -omee  for  all  these 
ru.'ks  aii.l  ii  ,litr,.i-eniiati..i.  of  the  niaKina  to  fonii  tli..  differfint 
varieties. 

The  r.-iilis  ohtaiiii.l  ah. mm  ,.,M,noiiiie  line-  linve  also  been  of 
.■..iiM.l.rable  interest  ami  value.  Prof.  Kemp--  »..rk  on  the  geology 
«t  the  platinum  of  tlii>  di^triet  has  l)pcn  supi.l.  niented  by  additional 
inve^tiKution   and    hi.    iviilts   rontirmod.     These   results   show   that 

" '■'""""1  souree  of  the  i-latinntn  of  the  plaoers   is  to  he  sought 

f..r  ill   the  peridotite  and   perliap,.  to  a  K-.r  dr^ree,  in  the  pyrox- 

'■"'"■■     ^"""'  ''Sfl"  liii-  idv.  1 11   thrown   on   tl,..  original  soiiree  (.f 

the  uold  of  the  plaeers. 

AiM.ther  result,  an,l  one  Hhieh  emiiluiM/es  the  iiuportaiiee  of 
•l.'failed  niineralogieal  examination  of  even  eonnnon  mineral  oecur- 
r.ii.-.s,  «a>  the  di.M-overy  uf  diamonds  in  elironiite  segregations  in 
th.>  peridotite.  This  result  is  of  far  reachinjf  scientific  importance, 
proving  a>  it  does  the  niagmatic  origin  of  the  carbon  which  crystal- 
lizes as  diamond,  and  refuting  the  old  idea  of  the  organic  origin 
>■(  this  mineral.  It  is  als-n  of  eonsiderable  eoimnereial  significance 
siiioe,  though  the  dianiomU  actually  found  were  very  small,  it  indi- 
cates to  the  pr..s,K>ctor  the  kind  of  ro.-k  in  which  diamonds  occur, 
and  -hoiiM  induce  placer  miners  to  wal.h  carefully  the  placers  that 
have  been  derived  from   basic  rocks  of  this  character. 

Oth.r  results  have  been  tli.'  -ielimitation  of  the  area  of  coal- 
bearing:  r.K-k^  in  the  district,  and  the  estimation  of  the  probable 
quantity  of  coal  contained  in  them;  c.)nsidci-ation  has  alao  been 
Kivcn  to  the  nature  and  ..cciirivncc  of  other  mi.ioral  deposits. 
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11   I. AM  I  IN      lil.M  l;l<    r.     II.   1-.  3 

l'li.v,i(,Kni|.lii(all.v     lli.-    Tiiluimrii    liUlii.l     i,    >liiial..l    on     t|i, 

<ii-tirii  riaiik  of  tho  Cii-ca,!.'  iiioiiiitnins,  tli< iii|..iii(.iit  of  wlii.l; 

liiTt"  .all.il  till"  l|o,„.  riiii».'..  To  tin-  iinrlli  mimI  .ii-t  li.s  tli"  IntiTlo 
I'liitfiui  ri'Kioii  of  -oMtliorn  aii<|  iitilnil  l!rlli-h  Coliimliia,  Tlio 
tviii.nl  nioiiutain  finlur..,  of  ll,o  M,,,,,.  .anur  :in.  „ot  w.ll  .kvi-loi-fl 
uithiii  tlir  liiiiil^  of  111,.  >li,.ol,  :,i„|  virluall.v  il,,.  wliol,.  of  it  lir^ 
"itiiiii   tlio   Interior  I'hilcMii   royi.ii,. 

Tih-  slii.ot  .'..MT-  il  r.'.-lalimih.i-  area,  ci.-li  ..(  \\\u.-  -jii,-  |, 
^i|-|iroxii.iali'I.v  1.!  mil.s  j,,  lonL'tli.  ■||io  total  ari'a.  lIuTofor.".  i> 
nlioiit  U;!»  Miiiaio  iiiil.v  Witliii,  tli,-o  limits  ar.'  tiiibnic.a  tlio 
^illa^r<■>  of  Tiiliiiiiooii  ami  '.  Iraiiih-  I'r.-ok.  iho  |ilao,.r  niiniiii.'  ili-tri.t 
ol  llio  Tiilaiiifcii  liver  aii.l  in  Iril.iitarie-,  llie  eoal  liasiii  on  Uranile 
eivek  ai  ,1  Collins  (rule!;,  and  the  fi,,l,|,  >llv,.r.  an.l  eopper  lo.'nlit 
'■n   liear  an.l   MoiiMer  .-reek-  an.l  at  other  |«,inl-. 


History. 

liKNKIIAI.    lll^liiln. 

Little  i.  delinitelj-  known  of  the  hi.tor.v  of  the  Tulaineen  before 
!->:!.  Ihe  first  explorers  in  ihe  .listriet  were  nmlonhtedly  the  fur 
trailer,  and  vojageurs  of  the  Hudson's  Hay  Company,  who  traver.se.l 
■  t  about  the  middle  .,f  last  .•entiiry.  entering  the  eonntry  by  the 
Okaiianai!  ami  Colninhia  Kiver  route,  wlii.h  wa-  then  the  inain  ,.;t- 
l.t  for  the  southern  interior.  When,  by  aureenient  in  1S40,  the  IGth 
parallel  was  fixed  upon  as  the  lnterimti..nal  JJoundary,  and  Oregon 
bec-anie  part  of  the  Tnite.l  States,  this  route  was  no  longer  suitable 
lur  explorers  and  traders,  sin.v  it  lay  largely  beyond  the  bor.'er.  It 
was  .b-sirable,  then.  t..  tiii.l  a  mute  through  Canadian  territory,  and. 
the  I'niMr  river  kinj:  navigable  only  as  far  as  Vale,  an  overland 
roi..«)  was  deeided  on. 

A.  C.  Aii.lersoii,  an  otlirer  of  the  llu.l-oir,  IJay  Company,  who 
wa=  probably  the  tir,t  white  man  to  enter  the  region,  spent  several 
years  in  exploring  a  route  ..f  this  kind  to  tiie  I'aeitie  .'oast,  from 
K'amloops,  whieh  was  on.'  of  tin-  main  .li-tribiit  int;  po;i.t^<  in  ili- 
interior.  IJis  explorations  eoven^d  a  larg,.  part  ..i  ;be  n-gion  about 
the  headwaters  of  the  Similkaiiieen.  CoMwater,  and  Coquihalla 
riv.-r-,  and  in  the  eoiir-e  ,.f  tli.'ui  li,-  ..pene.l  -e\(.ral  trnlN  through 
the   Hope  niountaiiH. 
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'■"•'-"■I-    U     M  .iVfV,    .    *.NA„,x 

'""■""■"  •'"""  ""•  Till,. „  »„||„v    ,. .     ,     . 

fori,,  John V:,.:;r'i' y-'- •' -»-".« 

Toel.      This    .         ■  """■"•  ■■ '•  ""'  ^-^'l  "f  t'^-nit.. 

- -M «-i-.,i;;:,:'  :,,tf Vr ;"-•— ^ 

l-«m,-    l.,„  ,1,.,                                ■■  ""'   ""•  ■•"■''   '"  "f-nif      -'"k 
„"•;/;■ ;""', "•"••'"-"'V I  f..r  „.„„y  „,,„,, 

'...::..:.::::::;:;'■•:::■;'•■'-  """■•^ -'■--- 

«V,.l.    wh...|    .    '",'""'"""""•■•"''•'•"■"-    TI.0  vilhiKo  of  Gr.w.i,„ 
•  ,"'"■''  ""'"■  '"'^  ""'>    ••    >•••  ■•>   iMl,Hl„.a>.,..   the..   boa.N..i   ., 

JJ     ,,  ,,  ••-7->'-     •>•'..'  hi.h  ,„1..  „f  ..,o,luctio„  . a, 

*!•  /I'       •":V"'"-;    '"  ""'''  "'"'  "'"' "•  "'«  value  of 

*I.'..^-.'  w,  r.  wa,h..,l  out  „f  ,h...  ,rav..l..  pH„..i,,,,,v  „^  OraruU-  ,.,.U 

yjr, uJ:  "  uT ■   •"" ""' ''" '"•" '""'- -•"-> 

- n:^;:;:  ;::;i';;x;,rvr-'''^^''"'''^^ 

m,'n„,U  huv,.  1 „   rna.l       ,         ,       ,  ""l'*"l-".l    miner,   soveral 

•li^'-v,.re,l  on  .h..  (.ra„i,o  ( 'n^k  k'  :         V     '   """"'    '"'"^   ''' ^•■ 
were  ,,11::..:;::;.  '"•'"'" '"""  ■"   ""■  "-'  °f  «-r  ......k 

Hairrv;!:;:;;,:;:;;:^;; '7 -■•'•'-'-•' f  -  n,i„..n,i 

■     l'-""   minois,  l,„f   „   vvas  „„l   until   IPO.j 


•T'j^air 


"WS-S 


11  I.  ».MI  I  \     HIM  till    1,    II.  1. 


0 


tliiit  liiithir  \v..ik  Mil  tl.i-  ,,,,,1  liii.ln  ,li..  |.,«,l,  ,,ii  tiriii.itf  irr.k,  tin- 
•t'Hiiiii  wtiiili  liiiM'  -inn-  1..-.  II   liirlhcr  i-xiilon-.l. 

'llif  ruilMiiy  .|i\.l..|iiiiiMit  ttliii'li  |iu-<  tiikiii  iiliici-  ilifiitflii'iit 
-Mitli.rii  Itrili-li  ('..liitrlMii  in  rut  nt  \,nt,  i<  r.-i"'ii«ililf  l'c,r  u  jfri'iit 
•l.al  ..I  .•x|il..riit.ir.v  «..ik  III  III.'  'riiLiin.TM  .ll-irirt.  iiii,|  ,..s|i.Tiiillv 
III  llir  Ili.|i<'  niiiur.'  .lirr.llv  \\,*t  ..I  It.  At'li-r  lli.^  .liM',,iir;i(r.'ii;.i.i^ 
'XiMTi'-iiffil  li.v  ihr  (  .iiuiiliaii  I'miti.'  Iiiiihvn.v  «iir\f)()r»  in  l^TI,  ii.. 
Mirv.-.v*  wiTf  iinmIi  llrn.iifli  ili.  I|..|m'  riiniir  iiniil  1lto|.  I'mlcr  tli. 
ilirf<'li.m  of  llmi.  K.  |).vv.|ii,\,  ,i  .|ir\i,v  wii«  th,  u  imule  |,y  II.  Iv 
«'inr,v,  .(t  ;i  liiii'  rmiuini;  iIih.mIv  llirnn^li  ihr  iJUtrict,  iiloii);  tin- 
viillry  ..)■  thf  'riiliiiii.Hii  1,1-  ,111,1  V  i,,  |!iiilr..M.|  iiii.l  I'm1;ii,,wii  cn^ck-', 
III  ('iii|iii|)iillii   riviT. 

A  rliaiUr  li:i\iMK  l"i  m  uiiiiili.l  l..  ilir  Vi.t.ri.i,  Viiii.M.j\cr,  .,  ui 

KiistiTii     Kiiilwiiv    ('..Mipiiiiv,    |nr    th ii-tiiic'iiiiii    oi    ii     ruilwuj' 

llir..ii(fli  till-  'i'lil.iiiii  I  11  ili-tiiil.  ilic  ,iirvi';.i'r-  ,it'  lliiit  ('.iiii|iuii}'. 
-Hire  liMl.".,  Ii;u,.  Iiirii  iii^:ii^!ii|  in  exploring;  llu;  Mirimii  inisst's 
tliroinjli  till-   llnp,.  niiii,'!'.     liiiviiiK  liiiiili.v  ■li-.i,|(.,|  ,,11  II  pruilioablr 

f"'it'-.   «lriii'li,.ii    ,,l    il.r    r,.iiil    tliri,iii:li    the   rJUtrict    U   imw    iiiidrr 

vviiy.  rile  riMilc  r,i|li,\v-  llir  'riilaiiifrii  river  l'ri,lii  its  iiiDiitli  up  lu 
i  ulaiii.iii    xilliip',    wliiii,i.    ii    -trikc^    iHirlliwur,}.    up   tin-    vulli'.v.-*    of 

Otter  eri'ek    ;lllil    it-    vve-l    111-, 111,  ll,   t,i   til,-    Mlllllllil    ,,1    the   ijivlilo.    Tllell.'.'. 

lui-hiiiK  il""ii  iiitii  tho  siiliey  i,l'  the  I 'oiilwtiler,  it  Iraver^ios  that 
valley  t,>  it-  liend  ami  irii--iii(r  the  ilivlijo  t,,  CMiuihiilla  rivor  fallow- 
iliat  -ireaiii  dewii  |..  the  I'ra-er  river  at  II, .pe.  The  roiitc  !■*  hy  iin 
menu-;  ,iii  easy  i  ii,',  l.iii  the  only  alt<>riiiiliv,  appears  t,i  1h>  throuuli 
liio  lit  IK'  raiii-'e  hy  iiit-aii^  ,,!'  a  liiiinej  imr  7  mile-  in  leii>;ili,  ulii.li 
"iiiiIJ  Ii  ,  I, lie  p,,rtal  at  th,'  m,,ii;|i  ,,|'  Kayle  ,rei-k  on  the  Till  iineeii 
river  ;!li,i   the  ,,th,r  ,liri-,-tly   w.'-t   ,,n   the  < ',„|uihiill;i. 


I'lllV  llM    -     \MlllK. 


Almost  all  ,.|'  the  ,arly  ne'ileniral  \v,irk  in  ..,.;l,.rii  Urilisli 
<>iliiml)ia  mu»t  !«.•  .reditcl  to  Dr.  (i.  .\l.  I)aw-,,n.  Th.-  report  and 
map  published  hy  |)aw-,.ii  a>  a  |.arl  ol'  th,'  i:,p,,rl  ,.l'  I'rojrre-s  f,,r 
1>"7-78  c.vers  all  of  the  -..iithiTii  portion  ol'  liriii-h  Cohimhia  lyin- 
hetween  Okana^'aii  lake  ainl  the  Fra-er  river  and  ineiiides  the  area 
ol  the  Tulain.-eii  -lieet.  In  ohtainin^'  tin-  inr..rmation  I'or  this  report 
and  map  he  travelled  ,.v,-r  all  ,,l'  the  ana  th.it  was  then  aecessildo 
hy    -rail-,   hut   ,1,„-    ii.il    -,-rm    t,,   liav,-  eiiter,-d   llu-   Tnlameen   distriel. 
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IKU    ol„a,ne.l  fr,.,n  ,.r,Hpc.ctors  or  cxplonTs  or  |,o,siblv   the  Keolo 

,,         ,.  "itriiy  ^ketchcl    m   fioni   contacts  found   ir 

the  ncljiicpiit  roiintry. 

In   188S     l,owov..r.   thr...-  .v.ars   Miter   tl...  .liscovery  of  gold   ou 

wuhont   „..kn,K  any  Kcoloffical   „,a,..  recorded  a   few  notes  on   the 
economic  geology  of  the  placer  deposits.' 

"he  n>o.t    important   contribution   to   the  geologv  of  the  Tula- 

'e  hi       :^  r;     """"''"'  ''^  "^— --.  together  with  a  .mall 

3;L:r;::;L:;:rr'„-i,:si!:,>';,-„Lr:^;; 

I"    l!»or,,   MMd   .gain    in    VMs,   the  district    was   vi.ited    hv     the 
author  .or  the  purpose  of  looking  at  .on.e  of  the  more  in  port!    re 
<lepo.,t..  but  no  .tten.pt  wa.  then  nuuie  to  begin  any  general  gol 
..oal  work  ,n  the  district.     In  m,  the  present  inveltigat  on  C: 
and  was  contu,,..!  through  a  part  of  th,.  -oa-ou  of  1010. 

Bllll.lOfJKAPIlV. 
pp.     •ti-f^     -UiK 

Flenung.  Sanford- Report  on   the  Canadian    I'aeitic   Railway.   1877. 

'""iS^'    ^'t'T'^^-'    ^•'-->.    ^'-.adu.    K<,.rt    Of    Progr.-- 
18(7-78,  pp.  .,0  B,  156  B. 

"'"ti«:::vr"' '^ ■'■  '-"■  ■' -'  «•■ •  ^•"'■ 


'  G..S.C.    .Annuiil    h'eiwrt.    1887-S,    Vol.    Ill 


79LAMEKN    DISTRICT,    B.  0. 


11 


nudt  Lave 
tlio  geolo- 
found  in 

gold  ou 
rion,  and, 
's  on   the 

he  Tula- 
or  Kemp 
phitinuui 
a  small 
eolojrioal 

obertson. 
m's  vi«it 
i  the  ore 

l).v  tlie 
tant  ore 
il  geolo- 
1  began, 


,'  1862, 
7,  1877. 
Pogr«— . 
[XXII. 

rt.  Vol. 
t.   Vol. 


Daw-ioii.   <i.    M. —  Miiu'ni!    Woiiltli   "i'    |{riti->ii   roluiubia,   (  Icmi1.icj|,mI 

Siirv^'v.  Ciiniidi..  WA.  III.  I'art  IF.  pp.  :w  II.  104  K. 
Donald,   J.    F.     I^ll^in^L■l■rin^'   nml    .\liiiln::   .i.Muti.il    March    1<,»,   ISO.', 

pago  :127. 
irofViiiiiuii.  ti.  «'.     (M-olofriiMJ   Siirvf.N.  ('jiiiidj.  \'i)l.    XII.   1^'.'!'.  P^irt 

H.  pniiv  'Jit. 
Dawson.  (;.   M.— (nM.logical  Sucioty  of  Ainnica.  Vol.   XII.  1!XM. 
Wateruiiiii,  W.  .1.  -  Koniioiiiic  Cieolopy  of  the  Similkampoii  District, 

B.C.     Min.  Record,  Nov.,  1000,  p.  111. 
Robertson.   W.   V.     .\imiial    Report.    Miiii^t.T   of    .Mines,   H.C.,    111)!. 

pp.  1176-77. 
Iiigall,  E.    I).— Mineral    Ite-eiiree-  ..f  Canada.      Hulletiu   N'o.    1.   1'.'":'.. 
(amsell,    Charles— ( leolopieal    Survey,    (^anada.    Summar.v    Re]>..rt. 

1!XK!.  p.  4:!. 
('amsell.    Charle-     (leologieal    Survey.    Caiiaila.    Preliminary    Report 

on  part  of  the  Siniilkameeii  Distriet.     No.  itsti.  l!t()7. 
raiiisell.   Charles     (ieoloeieal     Survi>.\.     Canada      Siimniar.\      Rei)..rl. 

1908,  p.  61. 
Penhallow.    I).    I'.      Tertiary    Plants    of    Prili-h    Colnmbia.      (ieolo- 

frical  Siirvv.v,  Canadii.  I'.'O*. 
Camsell.    Charles     (ieolotrjenl     Survey.     Canada      Siimniar.v      Ripoil. 

190!t,  p.   104. 
Camsell.    ('hurles — Platinum     Mining    in     the    Tulaineen     District. 

Canadian  ^liiiiii^'  In-titnte,  Vol.   XIII,  1910. 
Ifandlirsch.      .\nton — Contributions     to     Canadian      Pala'ontoloKy. 

Memoir  No.  12  P.  Cicolouieal  Survey.  (  iiinala.   IIUO. 
Camsell,    Charles — .Mineral    Resotirees    of    Part    of    Yale    Distriet. 

Caniidian  Miiiinir  Instittite.  Vol.  XIV.  1911. 
Cam.si<til,    Charles   -rte.,1,,irienl     Snrvi'y.    C:iii:ida.    Summary     i;e|i..i-t. 

1910. 


12 


'■'■•"■'"■"  -^I'    -l';VKV,    CAXAI.v 


CHAPTER  II. 

■^'^M-MARV   AM)  C,.xcjjsi,,xs 
General  Geology 

■'•he  oldest   ro..ks  in   U,,.  ,IN,ric.t   l,„vo  I 

l-i".  -rrehuH  lit)'  P     ^l  ''  X     T""'  '''^'^■^'■'^  *"  Tria.sie  ., 
'■•-".V   bedded    and   a.e\.,„do  ^i     "  '   r"':'     /"'"'  '^"^^  ->-•  d' 

'"■  >-''••        ^'"  per  cent  oi'  .hV;     o  "e  "    """'   ''°"'""   ""'" 

'i"'iN  o.     .iJs  district     n.d  I     '         -i     '^r'"''  "'  '''^''""^'''   '''"""   »li 
The  sedin.onta.,  vor^^Zr^'  """'"^'"'^  '"  <■"""-"-■ 

'l-e  nge  of  the  rooks.  '  "^^  °'  """•''  -«  >"  'letrrminin, 

.™e^"::;?t;:;;s:i:s^"'^---^^^^^^^^ 

-  «).e  .nain  oro.enie  axi:        t^Z^  ^  'p""'  '■""^■^''-'''■- 
<>-e,,uentIy  evident,  n„d  the  rock     I        T  "  "'*""'  '*""^'"'-'-'  " 

-ional  and  eontae.  -.el:^^;,;-;^- .^-'^^--ed  both  ,. 
"".V  other  single  formation  in  the  distr  J  ,         """  "'"  "'"" 

''as  been  greatly   re.iuee.l   hv  i  '  '  '''"  """"■'''  '^^'-'"  <^^ten, 

by  later  rooks.  '     """"'  '"''•'■^>-^-  -'<!  Partly  oovered 

Mountain     Imililinr. 

■■'«""-. '«':w«;;;rTrv:L.::;,':'''i''"  ;■"'"'»-• 

-'ons  are  all  referml  to  the  Turn-,-  ,  ™'*^"  '°'^'<^-     Th«  ;„,,„- 

•'''--."cl..ro.enite;,:;,.,,,,\;J     .^;7;'':''; ''<-:^)  ...■.- 

Tiiose  igneous  ro.-k.  ■„. .  f     "    i  "^'"  -'•"■"'H'"-!!,.. 

-   large  and   sn^dli:  ..:';";;:  i^  TT  '"""  '"■  '"^  ^'^'^^ 


Tl  r.A.\li;i..\     |.1ST|;I, 


B.  C. 


i;; 


I  ''-b  winle  ,l,e  ,,vrox,.„i,o  i.  „„.,.ol.v  a  ,h,l,  ar.„n,J  and  over  it 
h..  au,Uo  .,.,n,e  U  rolatcl  ,.,  ...e  peri.lotite  a„,l  „yroxenite.  b.t 
..^..        0       ,,,..„ l„u  ,at.r  „.  .i,ne  .,f  i„.n.i„„.     It.  composition 

..r.c,.  ani   ,1„.  .„r„K,t„.„   n.appcl   a.  augito  .y„.i,e  ranges  from  a 

.-.,.,„.  t,  ,  .,,„„.„.  T.„.  Ka,,..  ,,,„„,„„,„  J,  „  „^^„,;°-^;^ 

'I'Nflopmp  ,a  ,,|a,....  „  j,,u.i..i,.  stn„-Mir,.. 
-Vo  roi'lis  rolirjlilc  t.i  ('■•,,(.,, i- 

;.;  .0  n.it. .  t.  .1.;:  ::p;^:;:rz --^t  :t 

i-o  been  n.arl..,,  ,,  „„.,.  ,ro,,ni.  .ii.,u,.l.an.v,  followci  by  lon« 
'-.-"■aed  c..,s„,n,  ,h,rin.  wl.id.  tLc  distri..,  was  vory  ,„1  re  y 
eroded  an,l  redu.vd  aln.ost  to  a  penoplai,,.  ^ 

The  oldest   rocks   of   Teruao-   a.o   in   „.i,   ,,i,,riet   are  voleanie 
1.    ,    l.elon.,n,    to    ,.,e   ,.li,o..ene   period,   and   are   l<now„   as     1. 
tedar    yolcan.c    ser.e.     Tl.o.v    „n<lerlie,    and  are  confonnaldo  with 
.dunentary  rock,  of  the  Coldwa.er  -erie.  an,l  eon.c.nently  re  re- 
-n    the  earliest  ..nod  of  Tertiary  vnleauisn,  that  we  know  of  in    iu. 

;?"•';;'?'':'■" "-''■'"■>•  -'■'-•-"inglyande-itiei Z'-. 

'.on.   ihe  (  odwator  -rivs  is  „,ade  np  of  sandstones,  shales,  eonglon.or. 
;|^=.  and  eoal  sean,s.  deposited  in  a  lake  hasin  of  very  lin.ited  extent. 
1  ho  two  senes  eo.er  ,l,e  greater  part  of  the  ..asfrn  half  of  the  di.trio, 
n,ey  he  at  angles  ,ha,   rarely  exeeed   ,.-.  degree.,  and  havo  not  hoen 
wry  Krcatly  disturbed   sinoe   their  deposition. 

}-  :■  wing  the  Oligoeene  se.limentation  so.ne  distnrlmnco  took 
M  oe  prosn.na  ly  „,  .Mioeene  tin.e.  in  which  the  Cedar  volean  e 
s.^r.es  and  the  Coldwater  series  were  tilted  and  deformed.  This  wa. 
aceompantod  by  batholithie  intrusion  of  the  Otter  granite  a  pint- 
akahne  rock.  whH.  ..t.  the  rocks  of  the  Odar  '  olc^ie  s^;;^' 
I  ho  granite  ,s  exposed  over  an  area  having  a  length  of  over  M  n.ilc' 
^hhI  a  width  varying  fmn,  I  to  ■>  n.ilcs.  lying  o„  the  eastern  side  of 
C'tiT  valley. 

The  youngest  eon^olidale<l  formation   in   tiie  district   is   a   vol- 
laiiic  How   ot    ..Jiviiie   basalt.      This   is   .,   ..l,,..,,  i,-|.  ,   i     ■        ,.     .       , 

'     ■'  ~"eet-like  body  ot  circular 
•■"time,   lyini.    uncr.nfonnablv   ,n   t.,p  ,,!    ibo  Coldwator  -cri..-.  on    ,]„. 

"atcr.,ndb..,„v.n(;,-anit,.,.,v,.ka„d(„lii„..o|,-h.      h  .,i!i  p',.,.,.'rv,'- 
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;L  Miocene  o.pe..avslMi..;-;;-^^^^^^^     ,    ,„.,.     IvU-.-.^^ 

.n,ni..'  .-n'byry.   ->.-"■   ""-;  ^''J  :,  e  to  >.  -le^rly  worko.1  out. 
,e.n  i.tntaed  in  V-7';;;;    /'  run.on.oiid.ted  n.ten.l  .ov. 


Mineval  Deposits. 


„{    the    Tulttuieen 


n M.U.iu..i ''"^"b      .u      out  tl.  year  t.60v^en 

d.tnot  may  be  sai.l  to  i>ave  ^:^<^-^  ,,,,  who  had  been 

,.  placer  deposits  wer.  -^  '^I^Xl/r;  of  goid  in  ti>e  Car.  oo 

^,,„,,ted  to  the         ""^>-  ^  J f^'^,„,„.  ,.h.-n  .old  wa.  dt.cove    ^ 

ai^triot.     It  was  .'-  "'-^'^  ;   :^;   ,;.  ...Uen   in  the.ed.posU. 

.,  Granite  oreel..  tha,   ^^ ^^  I  „.„vo  ov  V-~  .'l-er  mm.n«  has 
and  from  that  t.n.e  to  ,1c     r 

been  continuously  .'"".ed  ..n.  ^^_^       ^^^^^_,_    ^^^    g^.^ually 

The    nutnber    ot    "•■"J-^,'  Eduction  has  diuanished  propor- 
.U.oreased,  and  the  value  o     the  ^^^  ^,^^  ^^„^,,  ,, 

aonally-to  a  few  hundred  doH^s  ^^^_^^^^^^  ^^  ^^^  ^^^,„^  ^^  ,f 
r,.tO.  however,  renewed  a.tiM  >        _  Tulameen  nver, 

.  ,.eat  deal  of  placer  «--f  J^^  f  L-roased  by  the  discovery 
,,a  this  ^-f  !'^,;"-- -:X;:  tVospeW  of  this  mineral  bem. 
..(  diamonds  in  the  di.tru  t 

t„und   in  the  plaoers.  r.i.r.-.ents.    to    date,   the 

The  production  '■'■'^"' /';""V  t  "  Thi-  production  amounts 
.,,.1  mineral  vro^^^'^  ;;^ ^^: .'^^Z.  ,.,u-t  bo  credit.!  to  .old 
to  ahnoril  ss^'"',"-^-"-' 

-'  ""■  '■'■""'"'''"■  •"  'Sl't'tlie    prospect    Ma.o.    and    though   the 
Lode  mining   «   st.ll    m     I  c   ,       P  ^^^^_  ^^^^  ^^^j^^  ^^^^^ 

.nunber  of  "---\  "^'-"V     !  ^  l-^'-    '^   ^^  ">*"   ^""'^' 
;„„ounts   to   -omc   hnn.l.o.t-. 

front  tlKMU.  j;^j^.i^.j  i„,u,de  diamonds, 

•n,o  ...onoun..  ~;  ;       ■        ^,,„„i,,.  „.„1vbdenite.   asbestos, 
gold,   platinum,   coppei.   m.i.nU.l  .  ^^^  ^^^^.^_    ^_^^^,^.,,._ 

!.oal.  and  cla>-.     Thes..  arc  t,.u„d  >n  two  .la 
primary  and  secondary. 
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iri'    liiic.wti    to 


'I'll.-    .-.•r,,ii,hi,y    .l.iM.Mi,    ;,r,.    ,|„.    ,,l,|,.,,r-.    wl,i 

oo.ifuiu     a.M    .,,.1     |,l„i,nn„     ..     W..11     .„     ,ll. ,„u       ■,■,„,,      .„,„ 

.-m,|  i„  ,|H.  v.Il..y-  „f  Tul. „   ,,v..r.„.!  ,.   .l'  i,,  ,ri,„„„Hes 

i.ml  In.u.  I,..,.,,  w,„.k,.,l  ,„  ,.,  ,.„„-i,l..n.l,l,.  ...xt.n,  in  .||  ,h,.o  pla.... 
Mud.  pln-..r  K^roun,!  y.t  r.n.ains  «l.i..|.  i-  ,,r„l,,l,lv  rl,.),  ,.„ou.h  to 
r.pny  the  cost  ot'  inii.ing-. 

Tl.o    primary    nn,,,,,,!    ,l.,„„|,s    ,.>„„.i„    „..,    „„iy    the    nmaTaU 
wh,..h  hau.  b....„  >,„_.„.i.„„.,|  „-  l,„i,„.  ,,„„„i  i„   „,..  „,^„.^.^^    ,,,,^  ,,^^^ 

....•  mle  .  .,.o,i,s  „,•  ....pi.-r.  i, .,n,  ,,„,„„i,,.  „,„|,|„,,„i,,,  .,^,^^^^; 

.•oal.  and  -lay.  .V,„  all  „f  ,|,.,..  1,,.,,.  a„  ...•o„o„.i,.  value  at  the 
Pn-ont  fnu..  an,|  -..u,..  ,„•  tl,,.,.,  luuv  ii,,),.  ,„„„.  „uu.  M-ioutific 
'M.-.v,st.  I,u,  ,h..y  an.  all  ,l..„.,.||„.,l  ,,  ,,„„..  ,,,„„,,  „„  ^„...^„,,,  ^^^  ,,^^ 
p.i^-il.ility  that  tla.y  nia.\   .,,ui,.  tini,.  pr..v«  t„  h-.n,-  „,ui.-  value 

Tla-    primary    ,|,.p„-i,s     uhi.-l,    -l„.u      rl„.     ^,r..u^..,l,     i,„li,.„,i..ns 
'■t   .■o,„r....r.-u,l   iu,p,.ria,Mv  an-  u,.M.  .-pp..,..  ,„„|   ,.,„i. 

<;ul.l    .,n.s   ,„-,.,„.riMi;    i„    ,p,art/    v..i„.    hav,.    I,...m,    wurke.i    to    a 
I'M.'t-l   ...Nt.nt   at   (irani,,.   ..r-.k,   an,l,   a,   it    i-    l,..|i,.vo,i    that    ,he8e 

'"'": ;"''  "'"■  '"•'"■•'''"'  -•"■•'■-  -'  tl>..  .  '       .la..,,r,.  tia.v  .Uerve 

.v.n.„l..,-ably   ,nor,.  att.uti,.,,   ,|,an   ha.   .  .  .„  ...„.,l  ,„  „,,>,„   i,.  „,« 

l>a^t. 

•"■'"•  -<'1'1"-'-  'l-P-iN   ar,.   pn.bahly    th.   uu.t    iu,p..rtant   metallic 
.lo.pa-.it.  ..t   the  .hstricl   a.1,1  ...Ttaiiily  th,.  mo.^t  « i.le-spn-a.l  •   .ui.l  ,.n 

.Im.u>  mo.t  „!■  th..  ,„.„> .tin,-  an.l  .k.velop,„,.Mt  work  has  been  done 

I  he  deposit,  ar,.  of  thr..^  olassos,  „amdy:     (1)  ,lis8.>n.inat<..l  or,-.  ■ 

'- "^'"f    '»eta.n..n.hi.'  deposits:  and    Ci)  veins   and   r.'pIacoment 

d-poMts.      Ot    these    th,.    v..i„s    and    n.plarement    deposits    give    the 

lin^f.^t  proM.is..  „1   I nulntr  p,.,Mluuor.-  of  oojip-r.     1„  all  cases  the 

'■■;PPer  o....ur.  i„  ,1,,.  lonu  „f  .-haleopyrite.  and  i.  generally  asao- 
••iat(.<l  with  galena,  zine  blend.',  magnetic,  tetrahedrite,  or  molvb- 
■leijit..  ill   a  KiiliKU..  whi.-h   i.  ,.ith,  |.  >ilie,.ou-  ,,r  eal.-are.HK. 

llu  .'..al  ,eams  of  the  district  are  of  Oligoo.ne  age  and  occur 
u.  a  -mall  ba.sin  cuverius  about  .'i.TCMJ  a.'re.^  in  the  region  about  the 
I'.'ud  of  (Jollins  j.ul,.h.  The  conl  tiel.l  contain,  in  the  best  exposed 
portions  four  workable  -.-an,,  ,,f  e,,al  awr..yatiiu;-  -J"  tWt  in  tliick- 
''<•".  The  jirade  ,.1  the  ,,„]  i-  bit uiiiinoii.,  and  the  te.st8  to  which 
It  ha>  been  Mibjeeted  -how  that  In  mo-t  of  the  -e;,,,,.  it  is  of  a  fair 
eokiiipT  qualify. 

'"'"■   ""-•    '!'''ie-iint:   -.i.niitie  i..,„li    ihai    iia-   i n   arrived   at 
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from  the  .ludy  of  tho  .uin.rul  dopo.Us  of  this  re.lon  is  »'- ''l^'^ 

„f  diamond,  in  tho  original  nm.rix.     The  dian.on.l.  were  d.cove.. . 

i     ;  Lnute  «c.;..au.ns  in  the  ...n.loti,.  of  O.iv.no  -"un  a.n^aM 

1  f         .i,»  „>,itriv  l)v  It   A   A.  Johnston  in  the  labora 
^•■.ri^  i>\trai'te(l  from  the  matrix  uy  u.  -»■  •»■  "  .„    ,      •       • 

;::f..Oeo;o..S.ir^^^^^^^^^^ 

;::.::;:::  rr ;  j;:;"n.e.imary..at,,re  of, he —^ 

i„   „„>  ,.,.„„„i,...   and   .t    -hoir  ..xi^.-K.,.    n,    ,h,.  onRUKil   peridot.te 

'""s:..   .-r,h..r    ii.ht   has    a,-„ n    ,i. •>    the   Kcolo^  of 

,„,„,„.,.  ..,d  the  e.is.ence  of  .hi.  i.etal  ^  '-^j;--;;  -'j^;;^ 
of  ,hc  veri.lotite  has  heen  .loHnitely   proved.     U  has  not,  howe  e 
e     d.;n„n.tra,ed  that  either  .lia,,...  or  ph.tinnm  --  ^    f 
fonn  or  in  s.imei.n.  cp.mti.y  in  the  pendotue  .„  make  tliat  rock 

..(.mmorrial  ore  ..f  lh,-e  minemls.  •         ,    ,  ,„.|,^  l.ave  at 

With  the  exeeption  of  eh.y.  the  ..tUer  mmeral  ,h.po,.t.  ha^e  at 

luilt   he  n  ade  to  work   them.  . 

Ut^;.h   the   wh„le   o.    the   Tidameen    distriet    .    yet     in    the 
tL     1-   i-.r  n.  its   M,iner»l  resourees  are  ..oueerned.  there 

'irr  tttm   .:''^  .leP<.it^  .>f  different  kinds  that  arc  undoubt- 
I     e  Vpromi-in..  hut  they  i.ave  i,ecu  hindered  m  tl.rr  ^vdop- 

;:.U.yt.,eiaekofae,a.ap..e..n^.>-;.;;^.;^^^^^^ 
,.anai..ap  ^    at    >-"     ';   ^.^      ^.v  -hrou.h  the  district,  and 
^tSi::r;r;:;;h   Ihr'i-lpietion   .    tins   road   through   the 
:::J:t  to  the  .aeitie  eoast,  minin.  will  he  -i->'>^-    -- 
.,f  the  prospeet.  will  develop   into  pro.lm.ng  mme-:.     The  improve 

,,.,d  ..hieh  offers  fair  ..p,....uni,ie.  U.  ,he  ,nve,,n.e,„   ot  capual. 
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CHAPTER  III. 

GENERAL   ClIAItACTEIt   (»r   THK    DISTRK  T, 
Topography, 

HK(;lo\.\l,. 

"ne  of  the  ..urn,  ..,,,„„rai,hic.al  features  of  central  Uritl-U 
■'  u,nb,a  .s  ,h.  JM.en„r  I'la.e.u  region,  or  ..s  i,  hns  l,oe„  calW  l,v 
l>^l.v.  .he  bolt  ot  Interior  I'l.t.aus.- ■  Thi,  region  ha,  ^t,  southern 
■•-t_a„prox..„ate!y  at  ,he  l.th  parallel  of  latitude,  in  longitu,!,- 
11-  ..o.  Iron,  whieh  point  it  exten.ls  northward,  in  a  gradu  Iv 
W|.len,ng  l.elt,  through  eont.al  Britist,  CoI„„,hia.  for  many  hnn,'  '- 
ot  nnle..  On  the  .V.th  parallel,  whieh  i.  the  latitude  of  the  Tul-,- 
'"•'•■1  area,  it  has  a  width  Iron,  ea-t  to  we.t  of  ahno.t  10^)  mik- 
U.Hi  ,.  I,„rdered  on  ,he  ,o„,|,  a„,l  w,>,  l,y  ditferont  unit,  of  the 
C  ..ea.le  .Mountain  .y.„.,„.  and  on  the  ea-t  I,y  the  (•olumbia  moun- 
taiu-i. 

lu  'i.is  huitnde  ,i„.   |,id,e-,    p„in,,  of  the  plateau  maintain  an 

;|;en,B-.  elevation  of  t,.o,n  r,.,m  ,o  nearly  (!,(kX)  feet  above  sea-levol 

"    the   north    these   elevations   deerease   sou,ewhat,   and   everywhere 

the  var.ous  strean.s.  whieh  traverse  the  belt,  eut  trough-like  vallevs 

H.tM  If.  >onie  ot  whieh  are  a<  rnih'h  a-   t.iKH)  fw.t  deep 

Th..  boundaries  of  .h.-  Interior  I'lateau  region  a,-e  ditficult  to 
'i".mv.  Ihe  Transition  fro.n  plateau  to  niountain  is  nowhere  sharp 
■'■•well  defined;  on  ail  -ide,  the  plateau  fades  praduallv  int..  ,1„. 
lolrier  an.l  n:o,'e  rn^:-ed  mountain   ranges  eneireling  it. 

The  Caseade  .Mountain  -y.-lem,  wlii,-h  riso^  in  northern  Cali- 
fornia, extends  n,,rthuafd  through  ()re-,,n  and  Wa.hii.ot.  n  ;,n.! 
■■n  the  40th  parallel,  when-  it  tir>t  touches  the  Interior  I'lateau 
.vu.on.  has  a  width  ..f  over  UM)  miles.  In-mediately  north  of  thi^ 
pai-allel  the  C'asea.lo  mountains  divide  into  two  branehcs  and  the 
l.ranehe-     eontin.;,.     n.-nhward     into     jlriti-h     Columbia,     enelo-in- 

'  Th,.  iU)ni..i„|latiii,.  ot  the  Xnith   An,eri,,i„  (•,M,l,ll..ra  1.  tw,,.,,  th.^   Ctl, 
."1,1  >)r,l  p.ir,,'l,.U  „f  !„t;t„.l,.      .  i,.,,;,.  .I„„,„;,i.  ,|„„„    y,n^;       "  ""  ""    '■'" 

loni.i_2 
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Ktw.Mii  iliein  n  l.ii.v  ..f  tli.^  Iiitcrinr  I'liiteaii  r.'«ion.  Thisi  bay  ii 
rho  basin  of  thiit  part  of  tlir  Siiiiilkameen  riv.-r  above  the  mouth  of 
rhu  Tuliiineeii. 

riie  iMMtern  luuiiiitaiii  biam-h,  which  is  .itllcj  the  Oxanagan 
raiigo,  <T0.H8ea  the  Siinilkaiiieeii  river  between  the  mouths  of  Ashnola 
river  and  Kereiiieos  erock,  an.l,  .•oiiliiming  iiorthwar<l  with  (n'adu- 
ally  decreasing  elevations,  liiially  dies  out  in  the  Interior  Plateau 
region,  about  the  headwaters  of  Twentymile  .nok. 

Tlio  western  branch   is  made  up,  at  the   H.niudary  line,  of  two 
diMintt  units,  the  Skagit  and  llozanieeu  ranges,  which  are  separated 
by  the  deep  valley  of  tlie  Skagit  river.     A  few  uiiles  to  the  north- 
ward of  the  lOth  parallel  this  dividing  line  is  ab-ent  and  the  Hoza- 
nieen   range   appears   to  die  out,   like  the  Okanagan   range,   in   the 
Interior    Plateau    region    abo\it    the    headwaters*    of    (Iranite    creek. 
The    Skagit    unit,    however.    iK'inc    tlio    stronuvr    and    more    rugged 
portion   of   the  Cascade   mountains,   persists,   under   various   namea. 
as   far  northward   as   the   Tliompson   river,   where  like   the  other   it 
.lies  eut   in  the  Interi-r   l'late;m   region.     lnnne<liately  west  of  the 
Tulameeu    area    tlie    ue.iiuiains.   wliich   are   n    (..nliniiation     of     the 
Skagit    range,   are   .-alle.l    the    Hop"    mountain-.     These   mountains 
may   be  sai<l  to  begin  at   'he   Klcsilkwa  river  an.l  to  extend  north- 
war.l  on  the  east  side  of  (  ...|uihalla  river  as  far  as  the  headwaters 
of   die  Coldwater  river,  wher.'  their  summits  .liuiinish  so  much  in 
elevation  as  t..  merge  int..  the  Interior  Plateau  r.gion.    West  of  the 
fo.iuihalla  and  C.l.lwater  rivers  arc  the  An.lersou  Kivor  motmtain-. 
St.iyoma     mountain-,     an.l     l.ytt.m     mountains,     the     lust     named 
forming  the  iwirthern  extremity  of  the  Ca^.-ade  Mountain  system. 

Physiographi.ally.  each  ..f  these  mountain  groups  is  quite 
.iistinct  from  the  other,  and  is  separated  from  its  neighbour  by 
some  well  nu.rke.l  topographic  feature;  yet,  genetically,  they  can 
be  referred  to  the  same  time  an.l  mo.le  of  .^riirin.  an.l  all  are,  there- 
f.ire.  parts  of  the  Cas.'ade  ^v^tem. 

Peaks  in  the  Casca.le  m.juntains  at  the  llUh  imrallel  attain  an 
..levation  of  t),0<X)  feet  abo-e  soa-leve!.  To  the  west  of  the  Tula- 
n.een  area,  ^5  miles  n.^rtb  of  the  49th  paiaib'!,  the  highest  points  m 
the  Hope  mountains  an-  not  more  than  T,6<)0  feet  above  sea-level; 
and  in  the  ranges  to  the  n..rth  of  this,  whil.'  n.any  peaks  are  about 
this  level,  few  appear  to  ex.-eed   it. 
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apiirnxiiiuitcly  ■•ir.iilai  nillin.  duttcil  the  -tirtac.'  of  the  region 
tlirouKlioiit  tlu>  whul.'  .f  sntrofdiiiMT  OlinH.vno  timt-  The  region 
tli.i.  must  Imvc  cxliiMt.-.l  ..v.r  all  iK  parU  features  ?>'-:l.  .■•^,  mh.-;  -M 
th,,  present  time  only  alxiv.-  the  4,n(»0  font  contour  '  uj— that  is  Uj 
-iiv,  iiiiiture  reli.'t,  an.!  a  well  developed  drniuuge,  tto'  ii{  ui  valley, 
broadly   tlariug. 

hooal  batholitlii.'  intrusion,  acoonipunied  by  inoro  v»  'sa 
general  uplift  of  I  be  plateau  region  and  its  bounding  mountain 
ranges,  closed  the  Oligocene  period  of  orosiou  and  local  Bediinenta- 
tion.  Whether  ibis  uplift  was  continuous  or  whether  it  waa  iuter- 
nipted  at  intervals  i-  inmuiterial  in  this  discussion,  but  it  appears 
to  have  cuhniuated  in  the  I'lio.ene  when  the  t:asca<le  mountains 
were  uplifted  with  adjacent  parts  of  the  Interior  I'iateau  region. 
A  revival  of  drainage  resulted.  'I'his  revival  deepened  the  e-.isting 
valle.NS,  an.i  instituted  the  .levelopuient  of  the  topograplii  loruis 
now 'found  in  the  lower  levels.  The  i^.tal  vertical  relief  in  the 
Tulameen  district  must  have  bcvn  iu.rea-ed  approximately  -J.tKMl 
tret  by  this  uplift.  The  resulting  topograiihy  ni'i-t  have  shown,  in 
ihe  higher  levels,  leatures  of  slope  and  summit  ib  i  greatly  diilerent 
Irom  tho.se  which  now  obtain  at  the  same  levels,  and  at  the  same 
tune  there  woald  have  aiipeare.l  in  the  lower  levels  a  new  topo- 
graphy. The  streams  uiust  have  cut  deeper  and  deer)er  into  their 
beds,  and  if  the  gradients  of  these  streams  were  not  vastly  diflferent, 
Ihe  depth  ..f  the  rcMilting  valley  would  have  been  dependent  larireiv 
nu  the  si/.e  ..f  the  strcm.  .Ml  valleys  wuubl  have  become  sharply  V- 
shaiH^l.  with  the  greatot  depth  in  the  master  streams,  namely.  Tula- 
meen river  and  t>tter  ercH'k. 

(llaciation  di  ring-  IMci^torciie  times  i-  re-poMsible  for  a  moditi- 
. alien  of  pre-existing  topogrnphic  forms  rather  than  for  the 
developnient  of  new  out-.  The  a.'tion  of  glaciatiou  (m  the  upper 
levels  no  doubt  eoutribnted  s..n[elhiug  to  a  general  reduction  of 
relief  by  smoothing  otf  projecting  points.  ,„•  by  tilling  up  some  of 
the  irregularities  of  the  surface;  but  this  action  was  effective  for 
,.Mly  a  part  of  the  glacial  period  when  the  whole  region  was  covered 
hy'wu  moving  slowly  s,,nlhwar.l.  .\t  tla-  begitiniug  and  towards 
the  close  of  the  glacial  perio.l.  when  Ihe  ice  had  not  .vet  reached,  or 
had  pnsseil.  its  maximun.  deveh.pment.  valley  glaciers  alone  can 
have  existed,  and   it   is  to  those  rather  than   <<>  the  continental  ice- 
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slieet  that  we  .mi,t  ;.ttril,ute  any  im-roa.f  i„  vertical  relief  that  u>ay 
have  resulted.  The  a<-ti„n  c,f  regional  Klaoiation  produee-  results 
that  are  iu  direei  eoi,tra-t  ^dth  tlK^^o  i."odueo<i  by  Iwal  „r  vallev 
Klaciatiun,  for  while  th,.  r..,,„er  ten.l.  tuwar,is  a  rciuetion  of  relief, 
the  latter  increases  it. 

Valley  glacier,  uecupied  both  the  lulaineen  and  Otter  valleys 
for  u  e,.ii.iderable  |,eriod  of  time.  Kach  of  these  valleys  must  have 
had  at  the  U'ginni...r  of  the  Klaoial  period  a  sharply  V-shaped 
valley,  roaidting  fruin  uplift  and  revival  of  drainage  in  Pliocene 
times.  After  occupation,  however,  by  valley  glaciers,  the  shape  of 
these  valley,  would  be<-ouie  T-shaped.  Some  deei)oninK  probabiv 
also  took  place,  hut  thi-  etfert  n.ay  have  been  later  counteracted  iii 
some  parts  by  a  tilling  of  the  b,-ds  of  the  valley,  with  debris  carried 
down  by  ihu  streams. 

Glaciers  are  not  lu.w  fuund  anywhere  within  the  limits  covered 
by  the  Tulaineen  inap-,heet,  but  a  small  well  formed  cir(pio  ht  the 
headwaters  of  Hear  creek,  in  ihe  northwest  corner  of  the  area,  indi- 
cates the  position  at  which  a  luounlain  glaeier  om'o  lay.  This  is 
probably  the  l.,-l  p„i,,i   in  the  region  from  whieh  the  ice  retreated. 

Since  the  nindiii.Mtion  ,,f  the  Tulameen  valley  by  a  valley 
glacier,  and  the  deveh.piuent  of  a  broadly  I'-sharw,  there  has  been 
a  later  uplift  or  tilting  of  a  part  of  the  region,  localized  in  the 
country  west  of  the  mouth  of  Slate  creek.  This  uplift  has  caused 
the  stream  to  cut  down  into  the  bed-rock  below  the  bottoM  of  the 
old  glacial  valley,  and  to  f.,rm  there  a  narrow,  steep  side<l  can.\oii. 
This  local  uplift  ha.,  forth. t  iiu'rea-ied  the  vertical  relief  bv  about 
300  feet. 

The  last  factor  to  contribute  to  a  diversity  of  relief  is  the  rela- 
tive ability  of  the  variuu-  rocks  to  resist  erosion.  The  rocks  within 
the  Tulameen  district  most  resistant  to  emsive  agencies  are  the 
peridotite  and  pyro.x.'iiite  f.irmations.  These  staml  up  above  all  th.- 
others,  aiul  the  hilN  occupied  by  them  dominate  all  the  rest  of  the 
hill.'j  in  the  region.  M  the  other  extreme  are  the  soft  sandstones 
and  shales  of  the  Cddwator  scries,  the  outcrop  of  which  is  fr.- 
quently  marked  by  depressions  in  the  siirfaci'.  Tertiary  lava  flows 
cover  a  g.-eat  part  of  the  region,  and  though  they  still  occupy  some 
of  the  higher  point,  this  i>  uot  due  to  snperioi  resisting  qualities. 
On   the  contrary  they   are,  .-,-  a    rule.   s„t>   rocks    easily  worn   down, 
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ami  it  is  nii.ri-  likily  iluil  tlicir  pir-ciirf  in  tin-  lli^luM•  p.iiiit,s  i?  iliie 
t<i  till-  fiii't  that  tliiv  air  the  juiiiij;!-!  r.>i-k-  in  the  district  mid  have 
III. I  Lifoii  «ulij<-rti-.l  til  I  rii-ivr  aixnicii'S  a-  Imi^'  a-;  the  other  rn^k.-. 
Thi'V  wci-u  t'Xtnii:.  .1  "ul.v  al'tiT  tlir  l.nit;'  |iriiMil  ut'  Kof'one  rrn-idii. 
l!  is  (luito  priilnilili-  that  tluy  al  one  time  r.i\(-i'oil  ii  iiiueli  jircattT 
cxKiit  III'  iiMiiiiry  ail. I  lia^-  >iiiri'  hccn  crudi'il  a\\ay,  jiartii'Mlarly 
I'rciii   ihi'   valliy~   uhm'   i  i-.i-i.ni    li.i-   hi'rii    -Iri'iiL'-, 

Ihmiiii'i'r  'llii'  wiii'li-  aria  uiappcil  lii  -  u  ithin  lln' il-aiiiai;!  1  ,i-,ii 
i,f  Tiilain.  Ill  riM  !■,  Tiii-^  -tnaiii  ri-r.-.  nii  liir  la-ii  rii  llaiik  nf  ti.i'  il..,.- 
niligo  smiir  l-'i  mill-  '"  ihi'  -nilhwc-t  i.T  ihi-  ili-liii-t.  It  tiitiT-  the 
area  of  tiic  ii.a|i->hicf  near  ihr  -M,nli\vi-t  i-nirr.  and.  Ilnwins 
easterly  tiimuj^h  tlio  n.iddlr  "i  ii.  jia-r^  ..iii  at  (iranitf  iTivk  cai 
he  east.  Al'tir  llnwinir  in  ilii-  dir.-i-ti.m  I'm-  I'J  inih's  farther  ir  jidii- 
the  Siinilkaniei'ii  livi  r  ai   iln'  t.iwii  nf  I'i-iii.-i>t-ii. 

Tnhiniein  river,  liki'  ,ill  nmiintaiii  stnaiii-.  earries  a  vnliinii-  -f 
water  tliat  viiri.--  with  tln'  -la-mi-.  In  .lime  and  July  the  vidiune 
is  so  i:reat  that  it  i-  alnn.-l  iin|.i  — ihli'  tu  er.."  the  stream  where 
tliere  are  im  hiiikis.  Later  in  tlie  -uiiiiiii  r.  Imwever,  there  i-  no 
ditlicidty  ill  fi.rdiii^;-  it  I'li  fnui  nr  h..r-ehaek  at  ahiinst  any  I'l.int  at 
whieh  tlir  stream   lied  eau   he  riaeliid. 

The  [iriii'-iiial  trihiitary  if  the  Tidameen  i-  Otter  erer!,.  which 
flows  in  from  the  north  in  a  luoail,  deep  \  alley  and  drains  a  portion 
of  the  Interior  plateau.  Several  lakes  lie  in  the  \  alley,  and  these 
iTfiulate  the  volume  uf  waliT  in  the  ereek,  so  that  its  tliw  is  fairly 
uniform  throughout  the  year.  Tiie  principal  triluitary  entering- 
from  the  south  is  (iranite  creek,  which  is  important  on  account  of 
the  gold  and  plntiiuim  placers  found  in  its  bed.  This  stream 
occupies  a  deep  and  narrow  valley,  and  drain-  a  portion  of  tlie 
plateau  region  more  elevated  than  tliat  to  the  north.  Other  .streams 
tributary  to  Tulainccn  river  arc  Champion,  Slate,  and  Cedar  creeks 
1.11  the  south,  and  Siwash,  Eagle.  Bear,  Cook,  and  China  <.'reck-  ..n 
the  north. 

It  has  not  Vie>en  found  poi^iblc  to  deteriniiic  with  any  deforce 
of  certainty  wdiether  or  not  tlio  present  drainage  lines  coincide  in 
every  resiicet  with  those  of  more  ancient  time.  The  grade  of  Otter 
valley  is  so  low  that  a  very  small  degree  of  tilting  rd'  the  region  to 
the  soiitli  would  reverse  the  drainage  and  force  the  water  to  ilow 
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-.r,hw«r,l  ,„    Ni,.„la   ..i...     .M-  „.,•  ..„,....,,   „,„„,..  ,,,„ „„, 

,:V"T",  """■"' '---•-  "o-.,i  n,.;  inL, 

'"1""      !!•<      It      IOC-      11, ,u-  'll.lfi-      ll,..  I-.- 

.     •     1  ,  "     "•  1    U'll  .       tll,.-c      renditions      It      WOlllll      lrl\o 

■V   1  .,,  1'"^'    "      I  iilimiioii    river   iiI.om. 

.,  '"■-"'"■'.  "".-aliov   I t  o.-  1,11  proportion  ,„  ,h„  ,i,.,o 

.Ik-  >tr.,.mu  „,.v  flowing  in  !  .  ]  i,  „,,„,„.  ,,,  ;,■  „  „,,  

t-n  oe.up.0.1  1.x  a  .,n.a „1 i^l-raM,  ......  vol„„,        J^. 

-vr   n    oner  vailoy  li..,  1,1 .tparall...  .i,|,  „ .,.,ion  ^f  ,  i  I 

■      M        .a.r,..,M,.n.,.,or, ...„   val,,,  „,„,„,„.,.  J,,,), 

'   "'"    '""••^    >■  ^"'  I'^'ly  .luo  to  ^.ia,.ial  crosinn 

A  .,.,,  de,i.„.,i  villi.,,  .vl.ioh  niay  l,av.  U.n  „  forn:...  oliaunol 
.  1.  lulan..n  Mv.r,  .tart.  innn  near  Siwa.l,  ■ -eok  on  ,1.,.  nor.l, 
«..K.  ot  nlan.e..,,  ruer  n.,.1  run.  aero..  Ka,,,  ,,,.,,,  ,„  ,,„rphv 
akes,  an,l  tiienee  eastwani  to  li.,ar  ereek  an,l  baek  .„ain  to  T  la- 
m-ot.  r.ver  near  Slatc  croelc.     Ti.i.s  .,1.1  valley  passes  aroun.l  an.l  u, 

It  .s  cov,.re,l  lar.^eiy  with  ^laeial  .lobris.  an-J  oven  if  it  .li,l  no,  onee 
oarry    ,   e   wat..r   o.    the   Tulan.en   river   it    was   eertainlv   „.■ 
and  ,n,Klitie,l  l,y  a  bra„<.l,  of  the  Tulam«n  Vnllev  plieior' 

Auutla.r.  an.l  a  ,nu,.l,  ,nore  el,.arly  detine.l.  ol.l  vallev  leaves 
tl.c  tua.u  Otter  valley  ahout  the  ,„i.l.|le  of  Otter  lak..,  an.l/runnin^ 
.otaheast  Iron,  here  hehin.l  Otter  n.oantain,  join-  .he  Tnla.ne 
valley  at  the  n.nuh  of  Cook  -reek.  This  valley  is  hro.,1  an,l  C 
limped,  an.l  has  evi.lt.ntly  l,o,.n  C'cupie,!  by  the  Otter  Vall.v  ..l„.i,.r 
''"'  .."..liti-l  thereby.  It  is  now  fille.l  with  a  thick  deposit  of '.^vel 
.u.d  debris,  wh.eh  has  been  .-arve.l  nito  benehe-  an.l  teria-es  bv 
I'i'St-glaeial  stream  aetion. 

Grades.-Ol  the  two  main  valleys  which  truver...  , li.tri...    ( )„,. 

valley  has  almost  a  tru,.  north  and  south  trend,  while  the  Tulameen 
is  approx.nuMely  east  ati.l  w..st.  Both  are  nmeh  alike  in  fonn 
because  each  has  Ix'en  oi«..rated  on  by  the  same  .'aiises. 

Ottor  valley  i.  broa.lly  I '-shaped  and  trouphdike,  with  rather 
steep  snles  and  a  broa.l.  flat  b<4tom.  Itg  prn.le  is  exceptionally  low 
;"■•  a  luountain  -treat,:.  For  a  distance  of  ^  n,i|..s  north  from  its 
.lunetton  with  t:,c  Tulameen   it  lia<  ai,   averai;,.  ^M-a.le  ..(   l->   t'e,     to 
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th.'  iiiilo.     N.'.irl.s    I   n.iU-  uf  this  diHtan-v.  Iwwi.v.t.  1*  'iipi.-d  by 

lak...-..     For  aiM.tli.r  1-»  mil.-  Ixv-n-l  tlic  limit-  ..f  th.-  h.mi.  il..-  >;r.Hl. 
i-<   not   iKTivptilily  LTi'ntiT. 

The  Tulamr...,   vulii-,v   Iru.n   Slato  cmk   .Lwi,   to   liio  luouth  of 

.:ranite  --r.-.-k  i>  ot  tl ., har.u'trr  a.  On.-r  vall-y.  though  the 

i.ottom  through  whi.h  .ho  .Itvan.  i-a'aiuhTs  from  ..do  to  g.de  » 
perhup,  a  littK-  wi.l.T  a..  1  th.-  .Lh,  l.iKh.r.  Ih-  Krade  of  th.. 
,..,rtion  of  the  v«li-y  I-  r.-komd  as  •_'!•  f.'ot  to  the  mile. 

\bovo  Sh.te  .Te-k  tia.  ^-rado  and  ^hape  of  the  valley  chui.K« 
M.ddenlv.  Fr..m  thi,  point  upward,  virtoally  to  il.^  head,  the  Krade 
i.  -teeiH>r-ah.mt  V*>  f-et  to  th-  n>ile-a«d  the  stream  h  corre- 
Mu,ndin«ly  rapid.  The  -trean,  here  oeeopie.  n  „arr,  w.  ,teep-B.ded 
,.„uyon  .•ut  down  .mh.  ,o  :'.<«>  feet  into  the  Led  of  a  Lroader  o.n.n  udle> 
ahove  The  upper  ^ alley  Iuh  eertainly  b.en  naMhlied  by  glacial 
^■tion  hnt  the  lower  one  has  not.  The  upper,  hroad  valloy  -^tdl 
-hows  henelas  of  v'rav.l  elinKin«  to  it-  M.le..  .hile  the  lower  ,-.mv„n 
U  toe  -teep  for  the  formation  of  any  terraee.. 

Ml  the  iributarv  -treams  tlowint,'  into  tie  iolame.a  and  Otter 
,.,ll,.v,  ..„ter  .hrous^h  narrow  V-sl,.ped  r.nyu-  m  whi.^h  ih.To  ar. 
,ften  well  marked  fulls.  Kails  oe.M.r  on  KUiot  .nd  lioubler  ereek.. 
whieh  flew  into  Otter  valley,  and  on  Slate,  Chan.pion.  and  SLWa-h 
ereeks  llowinf  i.,tu  the  Tolameeu.  Above  the  falls  on  ti,e  tributar.v 
streams  there  is  se-erally  "  L— "i"^'  "'  ''"•  f-''^"''«"*-  """^  J^" 
streams   oecnpy   >"or  dly   llaring   valleys.     The   nlt.nn.te  effect 

is  that  of  han^im.^  valleys  ..n  the  above-m-n-ioned  streams,  i  )n 
other  stnan.s  adja. -ut  to  thoM.  valley.s  hanu'ins  valleys  are  not  so 
well  developed,  but  virtually  all  of  them  have  this  feature  .n  more 
or  loss  ohs<.„re  form.  The  s.'ale  on  whieh  the  topogr.iphic  map  is 
drawn  does   not   allow   of   the   representation   of  these  features  very 

'  ""l-he  steepening  in  the  ;urade  of  Tulameen  ri^er  above  Slate 
ercek  was  undoubtedly  oaused  by  a  recent  po,t-tr!aeial  tiltins  which 
increased  the  erosive  pow.-r  of  the  .stream.  The  effect  of  this  tilting 
was  also  to  produ.'e  hant^inc  valleys  in  tho  smaller  streams  tributary 
to  the  lulamecn,  which  ha.l  not  the  erosive  power  to  cut  down  tbe.r 
beds  to  a  more  uniform  jtrade.  In  the  case  of  Otter  valloy.  how- 
ever the  hanuinr  valleys  ■  f  the  streams  tril.utary  to  it  cannot  be 
attributed   to   rocu.    uplift    and   difb-ronti:,;    -ro.i.n    followim.'   that 
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"I'lift;  f..r.  ..ill..-  til.'  iM...|iri.i,ii,,i,  .|  Oft,.,-  v;,I|. 
fliiTi'  liiio  Ik'cii  III)  ii|,iilt  f,,  ,iin-,.  til,.  ,ir.iiii  t., 
irlii.'iill  l,.-,i:  .„  tluil  tlf  li;,t,:;li,4.  ...,l|,.v.  vv|,i,.|i 
'•■>n  -nl.v  luiv-  1h..„   i,„„„,|   „.   ll,..  .i„i„|   «!,;..  i,am,.I,v.  bv  a  .i.t.p.i, 

inn  of  th«  iiiiiin  vall.v  l,y  ,|„.  „r\u;[  nfti.t,  „t  „  ,„|l,,v  «la,.iPi 

fM;:H.-^()cn,vy,UH  tlf  l.,..l  ,,1  ()tt,.r  ,„|;,.,,   „r,-  tl.r.-.-  !,>k.-.  Tu„..l 

tl..'-^  ar..  widiin  th.-  Iii„it-  „l  ih,.  „rf,i  ,„u 1  u,wl  ;.  thirl-   Thyniif 

iMk.-  lii«  „|..,„t  a  tnil-  t.,  th..  i,„r.l,.  (»tt..,  l„k..  i,  tl„.  lur^^e,*  „l 
tho.o.  hoinK  ;!•   mil...  ;„   l,.„Rrl,  .,,.1  .il,,,,,,  „„..  il,i,.,|  „f  ..  ,„il..  wi.k.. 

It-    lovv,.r  ..,..1   li..,  , „   ,„   ,),,  ,„||,.,.  .,,•  ,|„.  J-,,,,,,,,,,.,,   ^i^„^      ,, 

.i|.|.o«M  I.I  ,w,.  its  fn  ,aii„n  I..  .JMiiiiiiiiin  m|-  Ott,.,-  vall..y  \,y  ,i,.|,ri^ 
iTuUBht  .j„«n  til,.  TMlaii,..,.,,  v„ll,.y.  Th,.  er.uU-  „f  T„lam..w,  rivor 
•■liHiiif..*  R  «h..rt  .li-t.n,,.,.  „l„,v,.  th..  m.Mith  „f  Ott,.,.  v.ill.y.  i,,„|.  ii, 
this  piirf.  it  I..  ,.,Mti„u'  .|.,ui,  it.  I„..l.  The  i.u.t.T:.,]  ,m-„.1,..1  out  hv 
the    rn,.r    11,    n<    „,,,„■,■    ,..,rt    i-    ....irri,..!   .I„w.,    ;u„l    ,h.,,M.i,..,l    „„ai„ 

"h.Tf  th.-  L'ra,li..„t   i-  ,„,t  ,.,  -„.,.,,     that   i.  , y.  ..hunt  th,.  m„utl, 

"I'  OttfT  valh-y. 

Th,.  sain,,  pr.ar-.  is  ilh„,r,,.,..l  i„  ,1„.  ,.,,.,,  „,'  |{.„,|,i,.,.  ..^eek 
ul.,-1,  l!„ws  i,„„  Ot„.,-  ,M,.y  ,„.;„•  ll...  n.Mfh  ,.,„1  of  Ott.r  lai<,..  At 
til"  .r..,„h  o|-  Ihi,  .-,r..a>„  :,  fa„,  f„r,n,.,|  .,f  gravol  a,„|  hoi.lders 
.■a.-n,.,l  ,Iowii  hy  thf  wat.-r  l,as  ,m,-1„.|  „ut  ii,t.>  (Itter  lak...  ,0  that 
'1...  h'Ke  has  ht..m  iiarr..w,.,|  hy  n.arly  thr,..  luiirths  of  it-  average 
wi.lth.  Th..  north..,, I  ..n,|  „f  -h,.  lak..  is  now  joinP.l  to  tiio  main 
I'o.ly  l.y  a  narrow  cliann,.!.  aii.l  if  tl».  n„MM..r  (  V.-ok  fan  ,-..nti>iii,.- 
to  hnil.l  ,,p  th,.  r..s„lt  will  ,.v..„l„ally  b..  tlie  formation  of  two  lakes 
wliiTf.  only   on..  n.)w  .xi-i.. 

The  ^amt.  kind  ot  a-li,.,,  h.,s  |,ro,|n..e.|  Fremh.l  lake.  This  lake 
li.'s  imm..,lial..|y  ahnv,.  ,1„.  ,„.,„lh  „f  KlHot  cr,...k.  an<l  the  material 
l.i-..„Khl  ,lown  l.y  that  >lroam  has  hniit  up  an  alluvial  fan  which  ha» 
.lan:in,-.l  back  tht.  water  of  (>tt<.r  en-ek  1.,  I„nn  the  lake 

Thyiine  lake  als.i  is  fl„.  ,v-nlt  of  .lamming,  by  loat.rial  bp-iiglit 
.i'.wn  by  Thynne  creek. 

Two  lakes  known  .,-  .\|i,r|.bv  lakes  l-V-  at  the  hea.l  of  one  of  the 
i.i-aiiehes  of  Kagle  .•r..ek  an,l  in  the  oM  valley  .,f  the  Tiilnire..!,. 
which  has  been  bef.ir..  .K-scrib...!  as  exten.lini,'  to  the  north  of  the 
present  valley  fr.>m  the  month  of  .>iwasli  creek  to  Slate  creek.  The.-e 
likes  are  hehl  in  by  iii..r,,i(i:,I  niaterinl,  aeenin>ilat...|  ,t  their  ojflet 
by  glacial   ice. 
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I.mli'^ri'U..'  liikc  nil  till'  -unuiiit  nf  l.o.li -tniic  iiioiintaiii  ."■cuiiii- 
11  r.ick  bii-iii  fciriiiril  i.r.'l.alilv  I'V  tin-  >r,.ui-iiif:-  action  of  tlie  cou- 
tiianliil  i.'L-sl fct  whirh  ..Mi-r-lr  thi>  iiiuuiilaiii,  Icaviiifr  itj  triircs 
ill  iiuiiuriiii>  striii'. 

Snii;c  ^iiiiiU  iioiuU  111  iIr-  liiiiil  c.i  llr.u-  111 .  ;<  luM-  IiiJi'pondi.iioo 
ciiiiiii  .pcoupy  trhiciiil  rir.nK-  ami  murk  ihi-  I'l'-iliuii  uucc  oociiiiifi 
l.y  tir.iiP  niuiiiilaiii  t:lai-itr-.  T..  tla-c  nlaci.r.-  the  iioiid?  owe  '.lu'ir 
Mrit;iii. 

Slratitii-.l  cliij-^,  whii.'li  an.'  iii-i'>iiiiialily  I'l  lake  oriKi".  I'^vo  been 
U,\i\u\  ill  till-  Ijo'l  of  lit-ar  cR'ok.  Tlieir  tliic-kiUT-s  is  less  than  iu 
I't'L't,  hut  thfv  .-huu-  tliat  lake  foniiil lolls  cxi.-tiJ  in  a  part  o£  the 
lirar  Ci-iH'k  \alley  t^r  a  -hni-t  liiiii'  at  loa.-t.  Tlic  lake  in  whirh  i!,. 
clay;  iia\e  lieeu  tlo|iu>iu-il  may  liavc  lni'ii  loniuil  either  liy  Uiinl- 
.-li.il-  fn'iii  iho  haiik.s  ot  I'.ear  or.'.-k  it-elt',  or  by  a  ilamiiiiiis  of  it- 
■  •utlet  liv   tln'  'rulaiiH'oii   N'al'i'y   ylac-i'T. 


Climate  and  Agriculture. 

I'lio  wh.ilo  of  the  -..iitheni  purtion  of  I'.iitirh  Cokiiiibia,  lyinc 
along  the  eastern  ba^e  of  the  foa.'-t  raiijrc-i  of  iiionntains,  has  a 
.Irier  climate  than  uio-t  of  tlie  re-'  <jf  the  Province.  (I..iir- 
\v<-i\var(l  into  tlie  Coast  ranges  fnim  the  Interior  Plateau  resion 
the  precipitution  becomes  jirogressively  greater  and  greater  until 
the  actual  coast  line  is  reached,  where  the  annual  rainfall  is  as 
ii.u«-li  as  100  inches  ami  frecpienlly  iiinrc.  In  the  belt  ininieiliatcly 
linrih  of  the  International  Boundary  line,  the  region  of  niinimuni 
preelpiijtion,  wherv  only  alnnit  10  inches  of  water  fall  annually. 
lies  about  -'i>  or  "0  miles  ea-t  "f  the  Tulamecn  district.  Going 
westward  into  the  Ca^calle  mounlaitis  the  annual  precipitation 
increases  until  a  maximum  of  about  Tti  inches  is  reached  on  the 
western  slope  of  the  range.  On  tiie  ea-tern  sb'pe  of  these  inoun- 
tJiins  and  in  the  plateau  region  immediately  ailjoining,  where  tlie 
'rulamccii  district  is  situated,  tln'  annual  pr  cipiiatiou  varii'S.  in 
ditrerent  years,  from  M  to  10  iiiche-.  Mo-t  of  this  falls  in  the 
winter  numth-,  as  snow,  and  in  the  spring  n;onths,  as  rain.  In  the 
winter  luiiutlw  simw  often  aceiinuilates  in  poi.ions  of  the  western 
half  (if  the  area  to  a  depth  of  10  or  1.'.  feet,  while  in  the  summer 
.Tuly  anil  August  freipiciitly  pa<^  without  a  .-ingle  shower  of  rain. 


Iiriil.-,     |,.   i;; 
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Teniperatiiri.-s    in    tin 


,.,...,         .       ,         .  ■i'l'l'-'H-on    .li.tnct    are.    on    tl„.    average, 

.«er    han  .„  the  S.n  i]Uauu...n  an,I  OKanaga.  valleys.  ,o  ,l.o  ea't 
r  .n    ho  tracer  R.ve,.  valle.v  t„  ,he  west;    the  ...n.er  temperature, 
i.  not  n,e  as   In^h   a.   they  .1,,   in   these   valleys    and    the    winter 
temperanres    are    ...nvhat.   lower.      Neither    sumn:er    nor    winter 
t  .nperatures    h„w..  re  e.xtren.e.  and  the  climate  is  rather  to  be 

!:' "!I«  R  """'^■■"•■' "'" ""  '•^■^"^°  ''^"'"""^"-  ^-  ••-  y-- 

Aprieultural   land   in  the  district   is  li.nitea  to  the  bottoms  of 
the  ma.n  valley..     The  rest  of  the  district  is  not  adapted  for  agri- 
.Hdture,  s.nce  on  ac.unt  of  it.  elevation  frosts  are  HaWe  to  oeonr 
■n  .t  n.  every  n:„„th  in  the  year.     The  whole  of  Otter  valley  as  well 
as  the  lower  part  of  Tnlameen  valley  is  taken  up  in  homesiead^.  on 
"lueh  vejretables   an<l   varions  kinds   of  garden  produce  are  raised 
ro  a  Iwn.ted  extent.     The  average  elevation  of  these  vallevs  above 
>ea-lcvel  is  about  -.500  feet,  and  even  at  this  height  summer  frosts 
nre  so  frequent  that  farming  cannot  bo  said  to  be  a  distinct  success. 
The  upper  limit  of  agriculture  is  not  constant  throughout  the 
who  e  of  the  Interior  Plateau   region,  hut   is  dependent  largelv  on 
l-eal    conditions.      KNperience    has    shown    that    in    the    Princeton 
district  to  the  west  and  the  Kamloops  district  to  the  north  of  the 
lulameen  area  the  upper  limit  for  the  cultivation  of  wheat  lies  at 
ahout   .3.300   feet    above   seadevel.     Both   the   Tulameen    and   Otter 
valleys,  within  the  limits  of  the  map-sheet,  are  well  below  thi.  level. 
yet  wheat  cannot  he  grown  successfully  in  them.     At  the  same  time 
the   lower   portions   of   the   plateau    region   are   often   exempt    from 
tV"Sta.  which  kill  everything  in  the  valleys  I.elow. 


Fauna  and  Flora. 

The  distnct  eaiiiinr  1„.  said  to  c.utain  a  great  vanetv  of  the 
hirger  game  animaU.  The  mule  deer  is  fairly  ahundan'  in  the 
region  about  Ihe  headwaters  of  (Iranite  creek,  and  this  region  was 
formerly  a  favourite  resort  for  Indians  from  the  lower  Similkameen 
valley  and  Nicola  lake  .luring  the  hunting  season.  The=e  animals 
•w  appear  to  be  derrea-ing  s(.n:ewhat  in  .uimbers.  The  black  hear 
1-  not  uncommon.  a-,d  the  gri;czly  is  found  in  the  mountains  to  the 
»e.t.  Neither  mountain  sheep  nor  goat  are  found  within  the  ar-a 
••-vered  by  the  map-sheet.  th<.ugh  goats  have  been  seen  in  the  moon- 
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i.iiiis  a  lew  iiiilf>  to  th.-  wost  iiiul  sliwi'  in  tli.'  iioighboiirhood  of  the 
Intfrnatioiinl  H.uii.liiry  lino  to  the  .--outhoii-t.  Work  done  by 
l«.av.-rs  ir.  tr.Miii,.ntl.v  met  witli  in  Ottor  vallfv.  and  it  ia  noticeable 
that  these  animals  hav.r  beuu  increasinj;  in  nnnibers  throughout 
southern  Urilish  ("olunibia  ever  since  the  killing  of  them  was  pro- 
hibited by  law.  Coyotes  are  (luitc  coihniou.  and  wolves  are  infre- 
quent. A  few  marten  and  lynx  are  caught  by  trappers  during  the 
winter.  Bine  (jreiise,  i.tarininan,  willow  f;r(nise,  and  Franklin 
(irouse  are  eoninien  in  eortain  localities. 

Yellow  pine,  Douglas  tir,  jackpine.  and  white  spruce  are  the 
eomnionest  trees  throughout  the  district,  while  poplar,  birch,  and 
cedar  are  less  abun<lant  and  are  louuil  only  in  the  lower  levels. 

Buneh  grass  whi.h  is  so  wi<'  -spread  over  a  great  part  of  the 
Interior  plateau  is  only  found  in  the  Tidaniecn  district  in  a  few 
places.  Pine  grass  however,  is  plentiful,  and  there  are  a  few 
natural  meadows  where  hay  is  annually  cut  and  stacked  for  winter 
ustv.  Hor<c,  a-  a  rule  do  not  winter  out  in  the  district,  but  are 
usually  sent  down  the  valley  to  I'riuccton.  or  northward  to  the 
Xieola   ranee>. 

Inhabitants. 

.No  Indian-  n.'W  resiile  permanently  within  the  limits  of  the 
area  niappe<i.  thougii,  during  the  season  a  few  hunters  from  the 
( (kanapnn  tribe  to  the  eastward  and  the  Nicola  tribe  to  the  north 
visit  in  pursuit  of  deer.  Probably  not  more  than  a  dozen  white 
men  within  the  district  are  engage.l  in  agricultural  pursuits  and 
live  permanently  on  their  ranches.  Tlie  rest  of  the  population  is 
interested,  either  directly  or  indirectly,  in  the  mining  industry, 
and  many  of  them  only  remain  in  the  district  during  the  summer 
season. 

Transportation  and  Communication. 

Previous  to  tin*  construction  of  the  Vancouver,  X'ictoria.  and 
Kastern  railway  the  Tulameen  district  could  only  be  reached  by 
means  of  wagon,  either  from  Nicola  lake  to  the  north  or  from 
Princeton  to  the  east.  A  trunk  wagon  road  was  built  about  10 
years  ago  between  these  two  points,  and  a  stage  carrying  mail  and 
passengers  travels  through  once  a  week  in  each  direction.     When 
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th..  r«iKva,v  re,u.he.i  l'iim*ton  n  .luily  stage-  wu,  ,n.t  on  from  Prince- 

'""   '"  Tulanu-rn.   bur  u-xioti    with    Nirola    U  still    only    miid,. 

once  a  week. 

Two  pa.'k  tniij,.  that  w.t.-  at  on,,  li.n..  M,u,.h  used  and  kept  in 
good  repa.r,  ,•„„,„.,.,  TulanuH^.i  with  the  villaRe  of  Hope  on  th« 
main  line  of  tho  ("anadiau  Pacirir  railway.  One  of  these  follows 
the  Ti.ian.een  river  al.no,t  to  its  souriv  ..ml  rhon  turns  westward 
H.To«.  the  Hope  ranu..  t„  the  C.«iuihal]a   river  and  continues  down 

•  hat  stream  to  i,.  „:,.„th.     The  other  strikes  thward  from  Tula- 

meen  villttRe  aeros.  J^Hlo-ioue  inoinitain  and  join,  the  old  Pewdney 
or  Hope  trail  on  the  .Skagit  river.  Hoth  of  these  trails  are  now 
quite  impu-al.le  for  h,.r-e>.  and  the>  ar.  rnn^lv  used  even  l.v 
travellers  on  foot. 

The  ea-ie.t  way  to  enter  the  ,|istriet  at  the  present  time  is  by 
the  Vancouver.  Vi.'i,.ria.  and  Eastern  raiiuay.  which  fo'h>ws  the 
Siniilkaiueeu  valley  as  far  as  I'rinceton.  and  which  connects  with 
brai.ehes  „f  the  Cauadhui  Pa.iti.'  railway  at  .\fi<lway  in  th,' 
lioUM.lary  distri.-t.  Thi«  railway  when  tinished  will  run  throu,T„ 
TMlan:ceM.  Ott.T.  (  ..Mwal.T.  and  Co-iuihalla  valleys  to  the  Frascr 
valley  at   Hope. 

.\n  alternate  me.ins  of  entry  t,,  the  distri.  t  is  to  take  a  branch 
"f  the  Canadian  Paeitie  railway  to  Nicola  lake,  from  which  point 
the  Tulaineeii  eau  Ix-  reache.l  in  a  drive  of  one  day. 

Within  the  Tuhnneeu  district  itself  r<.a.U  are  not  numerous. 
Be-ides  the  main  wajjoi,  road  which  follow,  the  lulaineen  and  Otter 
valleys,  there  are  ^ll..rler  wajfon  roads  up  (iiauiie  creek  to  Flolmes 
raueli,  and  froui  Tulauiceii  village  to  Law-  eauip  on  Bear  creek. 
Other  roa,)..  are  nieivl.v  pack  trails,  radial  in-  in  all  .lirections  from 
Tulameen  village  to  the  different  mineral  pro>,H.ets,  and  these  are 
maintained  geii.rally  l,v  ;,  Hcvernnieiit  jrrant.  or  in  some  eases  by 
the   prospect. .rs   thetiiselves. 
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CHAPTER  IV. 

(IKNKRAL  (IKOLOGY. 

General  Statement. 

I(K(;10SAI.. 

Tlif  Tiilanieeii  tii-tiict  f'uriiis  a  ^lllllIl  part  of  a  larpT  geological 
[irovince  which  is  boiinileil  on  tiic  oast  by  tin;  Okanagan  valley  and 
I'll  the  west  by  the  Trascr  river.  The~v  two  topographical  feature-* 
•  nrrespond  closely  to  two  of  the  strongest  geological  units  that  an- 
found  in  the  southern  and  western  parts  of  British  Columbia,  on 
the  one  hand  the  old  Prc-Canibrian  series  of  rocks  and  on  the  other 
ilio  great  Coast  Range  batholith.  The  other  boundaries  of  this 
frioliigioul  province  are  not  sharply  defined;  they  stretch  far  to  the 
south  of  the  International  Boundary  lino  and  northward  into  central 
British  (^oluinbia.  Tiiose  limits  are  very  wide,  and  in  the  north 
ontor  into  little  known  territory,  therefore  the  description  of  the 
iroology  of  the  region  of  wiiii-h  the  Tulamoen  forms  a  part,  will  be 
n-itrictod  to  the  portion  north  of  the  l'.>th  parallel  of  latitude  and 
south  of  the  Tiiompson  river. 

riiii  (iistriot  thus  outlined  lies  to  the  west  of  the  British 
(■<  lunibia  I'ro-Caniliriau  a.xi^  wliidi  is  represented  by  the  old  Shus- 
w.ip  series  found  on  tlie  eastern  shores  of  (Okanagan  lake  and  north 
ami  east  uf  tluit  lake.  The  Shuswap  series  consists  of  gneisses 
and  crysfalllMe  >chi^ts,  whicji  form  tlie  liasement  on  which  all  the 
sejimenlary  rocks  of  the  repion  were  laid  down. 

The  middle  Cambrian  transgression  of  the  sea  was  so  general 
iiver  a  preat  part  of  the  Xortli  American  continent,  that  it  is  quite 
possible  all  of  this  region  may  have  lieeu  at  one  time  covered  by 
Can.liriau  sediments  Xcme,  however,  arc  now  found,  except  in  the 
extreme  northeast  >Mrticpn  of  the  rcgiiu.  in  the  neighbourhood  of 
Slniswap  lake. 

Folhjwint?  tlie  (,'aiiitiriaii  <edimentatinn  the  region  west  of  the 
l'r<  •Cambrian  axis  was  ele-ated  above  the  sea,  and  from  that  tin;e 
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to  the  ,.lu.e  of  th..  I).>v„„ian  ,.,.ri.„l  ,1,,.  who!,.  „,■  ,|„.  r,..,„„  was 
i.mlorp,„,B  .Tosion.  No  igneous  action  i.s  reo.r.ie.i  i„  ,|,i.  I,.,,,,,!, 
01   time.  " 

During  LarLoniferou.  time,  the  region  wa.  again  ,lepre.He,i 
and  the  sea  eame  in  fr.,m  ti,e  west.  Sedin.entation  was  aeeon.- 
Pun.ed  l,v  vuleaniMM.  nn-l  at  least  mm  feet  of  .stratitied  roeks 
-'M^i.t.ng  ot  iim.^to.,es,  argilit.^,  s„n,e  .luartzites,  and  n.u.l,  v,,!- 
«.n.e  n:a,erml  were  laid  dow...  These  eon.titnto  ,he  Caehe  Croeic 
sr-Hip  and  though  on.e  of  gr.at  area!  n.vt  .,„,  thev  have  been  s„ 
".tru.led  and  eovercd  b.v  later  igneous  and  sedin.en.arv  ptU.  th^t 
they  now  ouferop  only  in  suinll  patehes. 

h  tween  Paheo.ue  an.l  Me,o.oi..  roeks  prohal,ly  holds  for  this  region 
also,  though  Dawson  obtained  s„u,e  ovidonee  whieh  led  him  to 
suspect  a  complete  transition  from  one  to  the  other.  Whetiier  <ueh 
an  unconformity  exists  or  not  we  have  n.,  .lireet  eviden-e  in  H.is 
region  and  it  is  quite  possible  that  sedimentation  continue,!  with- 
out  a  break,  from  Carboniferous  through  to  the  end  of  Tria^.i.. 

Like  the  Carboniferous,  and  for  a  similar  reason,  the  Triassie 
roeks  now  occur  only  in  small  patches,  though  they  once  had  a  wide 
distribution      Areas   of   these   roeks,   however,   are   found   here   and 
tl.ere   notably  ip  the  Tulameen  district  itself  and  in  the  vieinitv  of 
Mco  a  lake,  the  locality  at  which  they  were  first  described  and  t>om 
which  they  obtain  the  name  \icola  series.     They  consist  mostly  of 
volcanic  materials  with  which  are  interbedded  some  true  sediir.^ts. 
The  period  between   Triassie  and  Cretaceous   is  remarkable  all 
over  western  British  Columbia  not  only  for  great  orogenie  disturb- 
ance, but  al,o  for  the  number  and  size  of  the  batholithic  intrusions 
that  are  known  to  have  taken  place  in  it.     I'lutonic  rocks  of  this 
age  have  a  wide  distribution  in  this  regio.v.  and  it  the  whole  were 
geologically   mapped  their   area   would   probably   prove  to   be  much 
greater  than  that  now  credited  to  them.     Thoy  consist  of  granite^ 
granod.orite-.   s.venites.   monzonitos,   and  even   sumo  peridot it,.~   ..u.i 
pyroxenites. 

Since  the  Jurassic  revolution,  which  closed  the  period  of  Tri- 
assie   sedin.entation    and    vulcanism,    tiiis    region    has    never    been 
completely  covered  by  the  ^ca.  but  more  or  less  of  it  has  been  con- 
tinuously exposed  to  erosive  agencies. 
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.  rria.T.Mis    r."-ks    ..I    -r.liiii.'i.iin  v     -rii-'ni.    .■.nir.iiiunir    !i:nt.Ti;il 

,l.riv...|    l.v    rrn-i..,,    ffin    ll I'l' f    - -InM..,!-    :n,.l    plut.mi.-    ro.'k-. 

w<>r.-  U\<\  <l.i«li  ill  ;iii  intra  <n;UtA<>r  p-,.,vnrlinc.  iiinl  imw  fcriii  ii 
bi.i..l  ."StriM'il.K  fron.  tl...  lHa,l  of  tl.-  !'a<ii.vt„n  rivvr  northw-Mtwanl 
(„  thr  .-..MriT-  ..f  til.'  TiihuiMvii  riv.T.  Talrlirs  of  tli.'-o  ro.■l^■4  af 
,.;-„  f.miMl  in  tlir  vall.v  of  llio  Fra-.T  riv,  r,  iiortliwav.l  o„  tl,..  -am.' 
„riU..  a.  tl.o  tlr-l  iiaMtion...!  l.aii.l.  Th.^y  .•.m-i-t  ..f  .an-Utoti.-, 
.•„„doi,i..ral.-.  aial    -lial.'^  .lippiiiL'  at    ni."l.Tat..!.v  liisrli   aiiu'l-. 

A11..1I1.T  tir.at  uii.-oi.f..riinty  in!.-rv.  u.  -  at  lli.'  .'l..-.'  ot  tl.o 
Creta.roMs    -l.etw.vn    it    a.i.l    tlio    T.Tliary    i»-rio.l    followiii.       Tlio 

r,.v„liili li..uvv,.r,  wl.i.li   pro.lu.v.l   tli.'   ii.i.'oiif..ri.:ity  wa..  not   as 

Mronsr  in  tl.i-<  part  ..f  Urili-li  C.hniil.ia  a.  it  wi-  in  tho  .-astoni 
liiilf  .'f  t'li,^  I'rovin.-o. 

S,. l,atliolitl,i.    iMtru-i..,,     |,r,.l„,l.ly     f,.;low,.a     tlio    .li-turUnu... 

„(  ll,,.  .'lo-.'  ol  tlio  CnM.voiis  ail. I  .■ortaiii  craii.i  linriti'S  on  tlio 
Sin  ilkani.'.ai  aiul  A-liiiola  rivoi-  ar.^  roforrod  to  lliis  |..ri..<l. 

Til.-  -,.,|M,-ii,v  ..f  ovont-  in  tho  r.rtiary  lii-tory  of  tliis  r.^ion 
lui-  n..t  v,.t  lioon  .•l.-aily  w..rU.-.l  .oit.  It  i.  lan.wn.  h..w.v..r,  that 
so.linio.itation   .lurinir   tl.at    r..ri...l   |.lay...l   a   niiimr   p  irt.   vvliilo   vast 


outpoiiriim-  of  lava   .-liara.'r -rizt 


■  noarly  .'v.ry   portion  fil    it. 


s  aro  all   of  <  tliLio.'oni'   aj;.',  ami 


Tho  Tirtiary  -o.liintiitary  rucM; 
,„.,ur  in  isolato,!  lui.sin-  of  liinite.l  oxtont.  Snoh  lia-in-  an-  f..iin.l 
,,  I'riu.Mton.  (Iraiiit.-  Cr-.U.  Ni.-la.  ati.l  a  f,  u  otli,.r  pla.-.s.  Tl.-v 
,.,„„aiii  .•..iid.i.ia-rat.-.  -aiol-t.^n.-,  >1m1.-.  au.l  .'..al  -oa.ii...  at..!  aro 
referred  to  as  the  Coldwator  series.  At  (iranilo  t'r.-k  -oni..  v..l- 
,.;,„i,-  rork-  aiv  i„i.-r-tiMtiii.-'l  with  th.-  ha-al  ni.Miil.ors  ..f  this  irroup. 

A  minor,  hut  >iiiit.'  .li-tim-t.  un.-onf..rmity  s.-parat.'s  tho  ()li^^.- 
,-,.ni'  ro.-ks  from  tli.'-o  al".vo  thorn.  Th.-  eroMun  i-orio.!  responsible 
f,,r  this  um-onformity  wa-  prohahlv  a.-.^ompaiii.-.l  hy  the  eruption 
of  at   least   one  olut  .ni.'   ij,'ii.-o,is  h.i.ly.  which  has  strongly  marked, 

alkaline  affinities. 

Vol.'anio    .oeks    ..f    a    provailiniily    an.lesitie ii.ositiou    were 

,.s.ru.l.'.l  i.i  t;r,'at  .piantity  .hiring  early  Mi, ,00110  times,  ami  they 
„„..v  .M.vor  an  oii,,rmo,is  aiva.  In  tho  lat.-r  Mio.vn,-  other  voloanh' 
r,H-ks  uvn-  e.xtru.hMl  an.l  laid  .lown  uiol.T  wat.T.  an.l  with  these 
some  tni..  .-e.linunts  aro  a-so.'iat.-,l.  Th.'s.'  -.•.liments  are  referred 
to  a-  th.-  Tran.piille  -r,.up.  an.l  aro  h,-t  .h-v.-l,,."..!  in  the  northern 
part   of   the  region. 


It    I.  \  Ml    I    V      |,|>.|;l,     I  ,     I,,    ,-. 
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''■"■■"  '■  '•     ''IV     til.       V-Ulipr-t     nf     ll,.. 


'■"IM'i|i,|ii|,.,|     |„rruiili,,| 


■i-n    |.;iit^    ,.(    ,|„,    p  m;,,„,    1,, 


li.iM'  1.   wi.l,.  ,li.!ril,i,ii,.i,    ill   ti„.   ,„,,.,| 

■"■"    II. .t    -,,    Wl,i,-.|,|V,|,|    t..    til,-    ..   iilh, 

'*>';"■-    ■•'"';'-'-    i"    •■i^.r....„.r    ,r ,„.„1    .r,„„-..    ,.„r„l,w„.-    ,„ 

r;'    '"'""■■""''>  ^"^    -"I     ■''^■'-'■.    .nv    nun  ,..„,,    ,1„-.,„k1, „... 

;;''"';;'■'"""■ '"r':'^"^""- ^"^'■■<  -i"  ^.i m„.,„i , ,.,.,.,. 

In-    th.-  i.'Ni.'i.il   .Intl. 


"CM.. 


,.    ,     """     "■''■-'     ' '^^      '"     ""'     Tl,l.,IM..,.„     .llMM,.,     .„.,.     ,1., ,■     „,„ 

''.''""■'■".^'■'•";'-      ■'■'">    ■'■•'■    '-,.,iv,.ly   .r..h.,..,l    „„, •, 

';■•"'"/•■":-."•''■'■'''-'■'•—-•     Tl„-,.  ,.,„.:,.„.,   , ,K    ,„■ 
■•^■anK.  .„.,^,nu  .m.i  l,....au.,,  ,1,,,   an.  ,n,.,M,.,,,,i,.,|  ui.l,  -.,,,,,,  ,,,^;|. 

'"7  ""''   """   '""'-  ■••■  """-' ■"■•    '1--'!.'    ...  Inn,.  I „   la„|  ,L 

'.Hl,.r«a„.r.    S.n„.  ,,|.,n,   remain,  liavn  I u  f.n.n.li,.  ,Ue  ar^illir-s, 

.'■t   tln.y    an.   t,„,   1  rau-n.  nfarv     ,„   |„,     i,|,.,„i,i,.,|.      ■,.,„,.    ^^,.,_     |_^^ 
I--    .r..a,ly    ahw..,!    I„„l,    l,y    n.,i„„al    an.l    ..,.,„a,.,    u.,,„,.,r,in^,, 
an.l   ,u,w   .nuni  ,.,    ,a,rly  l,i.|,  and...     Tl„.v  ..„v,.,.   ,|„.  l.r.e-r   .r.l 
"I  iiny  n»  ..  foriiiatinii   i„   ,1,,,  ,li, ,,.],.( 

rn    .In.  ,,..,.i,.l   l„.,u-,.,.„   ,|„.  ,|,,,„-i,i„„   ,.,    ,1„.   r.„.k,-   .n    ,h,.   Tula- 

'""r"    f"'""    ;""'    ""■    *''"^"- -    •'    '"■■•   ••'■    '^n...ns    i.tn,-,..n, 

;.ok   ,>la.....    wl.n-l.    an.    ,,n,l,al,|y   ,..,„„.n„,„ran ,.    ui,l,    lar...   LaHn- 

'"'"'■    '""•"-■■"-    "t.."-! tin.    ul,„l..   „...-„.,.„    .•„,,l,||..ra       Tlu^... 

«s   r,„.k>   ar.   n.N.n.,.,1    ,.    .L,-   -Inn..,,   p.-ri,,,,,   an.l   l.a..   b.,.,, 
ti.rust   thr.,„Kh   th,.   ro,.k,   ,„•   ,ln.   •r.lanu.ea  ,t„„p   i,.   the   foll„vvin.- 
.sequence:     (1)    I!,,,,!,),.,.    ;:ranit,.:     (J)    p..r;,!,„i,,.    au,l 
r.\)   aiiRitf  syenite;    (J)    Kafrj,.  irraiin.lioril... 

Th..so    iVmk.„„s    n„.k,    aro   „„vv    f,..,,,,!    i,,    varl,,,,-    p..rt8    of    th,. 
'l.strn.t    in    lar...   an,l    Mnall    l,„.li,..    all    l.nn,,.   a    .......al   north    a,nl 

south  tron.l.     TlK-ii-  ,.,.i,.hin..,i  area,   within   tl„.   Innits  of  tho  .sh-K 
1.*  somewh^it  !,-,  than  that  ,,t'  th,.  Tiihuncn,  -n.up. 

IJcMtinK  un,..,nf..rnnil.ly  ,_,„  i^p  „|'  the  al...v,.-ni..nii,,i„N|  n,,-!,. 
are  two  (rn.iips  of  eonl..riiial,le  ro,.k.-*.  whi,.h  are  refern..!  to  Oligo- 
"■nc  ago  fnmi  the  plant  n.niains  |-,„!n,l  in  th,.|.i.  The  low.r  of  th.-^e 
two  yroups  eon-i-tinir  alnn.^t  (.ntin.ly  of  v,.|,.ani,.  Il,.w-  ,,f  a  pn.- 
^ailill;;■ly  ande^itie  .■oinpo-itioii.  iv  ,-mI1..i|  fh..  C-.Jar  \.iii.a 
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pyroxenile; 


am,.   -.rii.-; 
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Willi.-  llif  u,.|..'r  .■i.ril^i.iiiin.'  iiulliiiii.'  I'lil  H,.,ii  iciiU  ami  maile  up  ol 
»ana-'  li.-..  O.iil.-.  ,..UKl..ni.rat.-.  -.o.l  .■,.;il  .,.  .ili.-,  i-  ■  m1:.-I  tlio  t'-lil 
wjltT  ,crie»  »n,i  ii  corr.-lal.'.l  wi''.  Himiliir  riM-Ui  hi  liie  Kaiiil....pi 
.li»trift.  Til.'  r.M'k,  "t  tlu-f  iw..  ^r'Hip-t  fovrr  llif  Kr.-itl<T  part  o' 
the  fast  1  nil  "i  tl"'  ar.  i  villi  t\u.  \.,l.aiiii'  iM»rli..ii  prr(i.i|iileratiiiK 
They  n,,u  li>-  at  aiiuK-.  .I.hIi  r.ir.'ly  fx-'o..,!  ir.  .Wr.-.'s.  aii.l  have 
tliereli.ri'.  iiol  Ixm'ii  ijrcHtl.v  .li-turlM'^l  >.iiu-.i  ilrposiliMii. 

hitruMU-  int..  til.'  Oliii.Mi'iif  r...U-.  ami  iirr-umahly  c,l  Miocpm 
asTO,  1-  a  l)..Jy  ol  pink  alUailii..  k'raiute,  .'alii'.!  ilm  "itor  Kranitr 
which  IS  1.  -Mil  ni.  'lit!  .ast.Tii  -i.lr  T  <  Htor  vallry  Irotii  <  liilia  fro,  1 
to  the  ii.,r  ..  rn  limit  of  tho  -lir,  l.  It  hui  n  l.HHth  of  al,..iit  '.»  mile 
.iml  a  wi.lth  v   ryiilg  from  a  milu  Li  ■-'  inil.'H. 

The  yoiniKvst  (■i.tisolid.i  I  f..niiatioii  iti  ill.'  .listrii-l  i-*  a  vol 
funi  tl.iw  of  .li\itie  l..i>alt.  This  u.-.iir^  in  a  cir.iilar  l)..i]y.  in  tli 
nviou  iH'tw.cii  (.raiiite  .T.-.k  ami  ('.  llin'  Kul'h,  where  It  is  seen  t 
rest  mu..i.i..riiial)ly  on  ilu-  ( >ti),'oci  iie  srliimiit-i.  It  still  preserve 
it.^  hori/.oiital  iio-itioii.  ami  roin  thin  fa.t  is  .•..n-i.lere.l  to  bu  lat 
Mioeenr  or  porhaps  rii.n'i'U.-  in  u*re. 

Dykr.  ..I  .1  .•..Mip..-iii..u  rnn-'injr  fr.ini  irraiiit  •  porphyry  t 
olivine  liiaha-e  are  wry  ,uii  ni.Mi  in  tin-  .li.ilrirt,  ami  rut  prim-ipall 
the  pre-OliKo.'ene  rocks. 

.Stream  deposits  cuv,  r  the  floor  of  Otter  valley  ami  the  lowt 
part  of  the  Tulameen  valley.  Ah.-ve  the  „,outli  of  Slate  ereek,  hov 
ever,  in  the  Tulameen  valley,  iin.l  in  the  trihutary  valleys,  streai 
-ravels  are  not  very  aliun.larit,  ami  are  fmiml  merely  in  patches  hei 

:in.l  there. 

Clacinl  material  is  irreinihirly  distrihuteil  over  the  whole  ( 
til.'  .listrict,  havins  heeii  aeeuinnlateJ  to  .-onsiilerahle  extent  i 
^..ime  partN  while  in  others  it  appems  only  as  a  thin  veneer. 


':^Ji'^*±^Jfi 


^sjaukm/'MiA.m 
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IVriml. 


Koriniition  of  (irituit 


'.  a.t.  r,t  ,,f  li 


tju  itt  in:tr\- 


|'(»«tJ»li«'M'('ni' 


»tn  nil  il>  |if.-ii. 
'ii...  i.il  rrrii.  ri;.l 


*>iig)K'('n*' 


Jur:i-!.if' 


Trii 


nitr 

\(i.l<  -lit--,  KriT.'ia^.t  ic. , 


I  ir,iiic..|i..rji< . 

l\T'»\i  ni!c, 

l',r.,.l,.l,.. 


\i.|i-;ilil.      1       ,...     hill 
anil  :iri;ilU!r,-, 


'  'III  I  lirnialiun 

^■"Mwtift T  Mt-rif.i. 
C'rilar  vulranii'  ^  rii  ■ 

l.aKli-  (■■riilaticri 

llouliliT  rorillalhin 

1  ijlaini'iri  Krmip. . 

Tulameen  Group. 

iiNiuim  ii'  \. 

Thf  rocks  ol  tli,,-  Tiilaiii.T'ii  ^:vi,u^,  .-..v.-r  a  luwr  ana  ir.  the 
Tulum.H-n  (ii-frirt  tiiun  uii.v  „th.r  iii.liv  l,lual  f.,riiuiti..i..  an<l  alin<,st 
as  lurt,'e  an  area  as  tliat  foverud  by  all  tliu  .jllier  fcrmationi  together. 
They  are  the  i.jikvst  rocks  in  ili,.  n^ri,,,,.  „„,)  „,  ,1,,.  ,1,,,^  y£  d^p^^j. 

tion    p^ubabi^     .umI    ,1„.    wI„  k-    area    inclu,l..l    in    tliu   nmp-siieet. 

I  heir  Volume,  however,  ha-  sinee  been  .lecreascl  by  the  intrusion 
11.;..  liieni  of  several  itrnc.ii^  h.j.lies.  and  their  outer, ppinj;  area 
diminished  by  havii.i,'  younper  stratitie.l  roeks  .super!>..>.d  on  ttieni. 
My  ''.''se  nii'ans  their  -u.-fa.v  ,li-tribiition  has  bc.-u  re.iueed,  s.)  ihat 
they  n..w  appear  en  tic  map  In  ihr.'.'  main  b..,li,.s,  .•..tnplelely  separ- 
ated I'roin  each  other  by  ..ther  t'..rn:ati(  ns. 

Tlie  hiriiest  ..i'  the  three  bo.lies  (.cciipi--  ihe  c.  i.lral  ami  n-rthern 
part  of  the  area,  ui  I  exlen.l.s  fr.in  Sjat,.  ('r.ek  ba-in  n..rth\vanl  in 
a  ^rradually  wbieiiitiy  band  t..  the  n.irfli.  in    limit   ..f  ih.'   ■nap-slieet. 


:;> 
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Thi-  li.i.ly  lilU  llii-  ;;|-c;it.T  pnri  nl'  licar  (  rcik  Immii  aii'l  lui-  -i  li'Uirlli 
I'i'   Id  iiiilf-  and   :i  f,'n'ati->t   widlli  alon;.'  tlii>  iinrllKTii   lioi-iler  of  the 

:irr:l    111'    ^t    lllilf^. 

A    , iiid   lody,  aiM.nl    il   iiiilr-   in   liimlli,    lit'-   near   tli^'  smitliucvt 

ii.Mitr  .il'  ilii'  ai'ia  iiim|.|mm1  in  ilir  lia-iiii  ot  Chainpioii  creek,  ouil 
a;M'i'ar~  a^  a  iiarniw  li.iiid  Iviii^;  lirUvr.n  Kafrlc  yraimdiorito  mi  the 
\Vi--l    and   p.vruM'liilr  oil    llic  iM-l. 

Tlu'  tliii-d  hod.v  iM-.-iiiiic-  tlic  -uiiihiM-i  cnnicr  of  iho  an-a,  lyinjr 
in  ihc  vallfV  of  llic  'rnlaincou  riviT  ln'Invv  China  rreck,  anil  on 
<  ilh  !■  slop>'  of  (iraiiitc  Crctk  valley. 

In   all   three  hodies   the   r..rk-   an^   a^   a    ndo   well   expos -d,   ,«.   ihal 
the  limits  assigned  to  iheni  "M  the  map  are  fairly  coTOCt. 


l.mmi.oiiv. 

I'he  name  ■ruiiiinei'n  -r.nip.  wliirli  i-  ii-ed  to  deserihi>  the  oldest 
-tralilied  ro.'ks  of  thi-.  ili-triei.  is  enphiyed  here  for  convenience 
iu  defanit  id'  eonehi-ive  I'vid.nee  whcreliv  these  rocks  cocM  ho 
c-"rri'l:ili'd  uiih  ..linr  ruck-  wlm-e  jHi-ilion  ha>  hecn  delinilely  ti\e.| 
in  the  linu'  -i-ali'.  They  do  not  ci.nslitn'i  a  well  individnalized 
frroap  of  rocks  the  t..p  and  Iniltom  of  wan  ii  have  heeu  idearly 
dcllned.  hnl  ihev  cmhrace  a  varii'ly  of  rn.-k-  all  appari  ly  con- 
forniald<'  \vi(h  each  ntlier  and  laid  down  in  one  ;rreat  riod  of 
!:eido;;ical  linie.  Thiv  are.  f^r  the  prcsejit.  i-nrrelated  witli  Hawson's 
.Nicola  series.  Inil  they  may  reiiresent  only  a  part  id'  that  irreat 
-erics. 

'i'lic   rock-    of    tho   u-r'Oip    are   so   rnt    up    hy    i^iiieons    intriision.s, 

and  in  their  hroader  area  s(,  covered  hy  drift,  that   no  jr 1  si>etions 

iif  them  riiuld  lie  olilained.  They  are  very  well  cxjiosed  oti  Hear 
.  roi'k,  liiit  the  direction  of  the  -tnam  coincides  so  closely  with  the 
i;oneral  strike  ..f  the  rocks  tliat  the  section  does  not  ijivo  inneh 
JiifonnaliMn.  The  'rnlamoon  river,  from  ilinc  cr.M  k  down  to  .'>lat<' 
••reek,  stives  (he  l.r-l  natural  section,  hiit  at  the  ^ame  1imi>  this  is 
far  from  I.einj:  CMiiiplote. 

In  miieral  the  roekrt  ot  the  Tnhiinepii  proiip  consist  of  uii  I'liur- 
mous  develoi)!nent  of  volcanic  rocks,  with  which  are  interhedded 
on.'  ..r  two  thin  strata  ..f  lin;cs|on.'  an. I   s,.ine  aririllite. 

The  stH'tion   exiiosed   on    the   Tnlamcen    river    from     Ilinc    crci'k 
.l.iwn  jrives  the  followint;  -n<-eession  of  strata  in  ili'sepndinp  order: — 
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\id 


(It    SilicU'iHI-    alhi    :ll'f.'ilhlc il>    -i-hi-N. 

(  l' I    Aiiili-iti--  iiml  ii.iri  liyrih  •;. 

(1  1    Ainli-ili.'  I)|-cri-ias. 

(  1  I    I'liliirilic   :iiiil    lalin^c    -chi.-l-. 

I")    IJaii'li'il   ar!:illiH'-<  iiml   Inih-toiic. 

M'l)    Aiii!t'»it("<   ami   piirplivriic-. 
I'lns  \\~\  ciiil'i^K'ts   virlually   all  llr  knnuu   .nri-iis  ul'  r' '-k^  lliat 
well'   l.iiiii'l   ill   till'  'riilaiih en  Lfri.iip  wilhiu  tin-  liiiiir-  n(  \\\v   map. 

Tiif  vi.ii-anic  r..i-k-..  ulii(  li  I'liiiii  tlir  i;rcal  Imlk  nl'  tlic  i;i-iuip, 
all'  pri'\ailiuj;l,v  .lark  :;riii,  in  (-..JMiir.  ami  llir  iiiajoriiy  ..f  tlii'iii 
lia\r  a  urll  il(vrl..pr.l  -i-lii-i.  •■-.•  ^1  riii-ii:  r.'.  In  i-miipM- ii  ii.p  tliry  iiro 
'iinlluia  lia^ir,  an. I  in.-lu.|.'  aii.l.-ii.'^,  pirpliyril.'-.  .liaba-.'-.  iiiiil 
imdf.-iitic  hrcccia.-i.  In  tiicse  a  porpliyritii-  ••tructiir.'  i^  .■.innn.Mi.  tlio 
liheniH-rysti.'  minerals  liciii.^r  ln.rnlilni.lc  .ir  l.l.l-par.  The  irnnin.l- 
n;a-s  is  nia.!.-  up  nl'  I'l-hl-par.  h.ii-nl.l.'U.l.  .  an.l  >..ni.'  d.-vilriti.'.l  irla-< 
anil  ir..n  ..n-.  .M.lani.u-plil.-  pi-n.-,..-.-s  h,i\.>  i;..n.'  -o  I'ar  thai  iiui.'li 
.■111.. rill',  i-piili'tr.  ami  ral.-ili'  Ikivc  Ik.  ii  il.  \il"p..,|,  .in.l  llic  r.ick  itsi-lf 
i~  (ill. '11  aili'iTil  1.1  a  i-lil.irili'  .-.■hi-.l. 

I  111'  «.'.linirnuiry  r.n-k-  in.'liulf  liiiii'-u.i:.-,  aii.l  ai-f;illil.«.  Tlie 
liin.-it.'n.'-  are  .lark  .ui-ry  "i-  wliii.'  ami  .•!■> -lallin.'.  'I'lu'  latliT 
varii'ly    is    I'.iiin.l    in    liir   ii.'i'-'-lil...iirli.'...l   .if   if^u.-.m-    iniru~ivi-i.   hihI 

l':i5   1 n    II  arlil.'i/.i'il   lliinl.y.      it  I'nnlains  ory>tal3  uf  calcik'.  willi 

il  small  a iinl  i.l'  iiiiaii/.  ami  -ii.'li  -.■.'. .mlary  iiiinerals  as  luii'a  ami 

0|li.l.l|. 

'I'll.'  ariiilliics  ai'f  .l.n-.'  I.la.'k  .ir  i;ri'.\i~li  in  .-..luir.  iinil  wlicii 
in.'laiii.irplii.-i'.l  .l.'vl.'p  ini.^  mi. 'a  ..r  h..nil'l.'mli'  ^illimaiiito  sciiistj. 
In   plari'-   liny  .■..main   -.in.    iiiiliii'rnliia'.'   I'.i--il   planl-s. 

Xarr.iw  liamls  ..l'  ipiaLl/.  -.Iii-i  arc  aU.i  r..ini.|  inlcrl.i'il.lc.l  in 
I'lai.'s    with    till-    s.-.liiH.^nl-.      'I'hin    -.'.■li.uis    nf    ih.'-e    slinu-    r.mii.li'il 

ami    iiri'f.'iilai    ^raiii>    ..I'    .luarl/,    - T.'l.Kpar    ami    llak.'-    ..I'    tiiicu 

arranii'c'.l  in  parallel  ali:jnin.  nl.  Th.^y  pr..lial.|y  .iriL'-iiiaily  repre- 
M'lit.- 1  clayey  nr  imfnirc  >aii.i-l..iies  llial  have  l..en  ni.'laiiMrph.-'  .1  hy 
.lynaini.'   acii..ii 

On  a. ■.■..lint  ol'  the  Ulek  (if  li.itli  a  tup  ami  li..tl.'iii  1..  this  frroup 
.'I  r.ieks,  n.i  aUeinpl  ha--  lieeii  liia.l.'  '..  .Ict.Tiniii.^  its  thickness  or 
'the  r.latiu'  i.r..p..rli.'ns  ..f  the  ililV.  rent  varieties  foiiinl  in  it. 
nau-..n"s  i,iiinale   .'l'   th.'   niinin.iiin   thi.l^nc--  ..l'   tlie   Ni.'.ihi   series' 


l'..s,c.      \mi.i:ii  l!.|i..n,  \..|    \  II.  \Kiur  :>t  II. 


40 


UtOLOGICAL  SURVEY,  CANADA 


in  the  typu  lncality  iit  Xiculu  lakf  is  T.r.Od  foot,  and  on  the  Thomp- 
son river  south  of  Asiicroft  over  ri.OOO  leet.  The  volume  of  tho 
sediments  in  tliis  series  is  not  more  tlian  two  per  cent  of  tliu  whole, 
and  ill  the  Tulameen  group  the  percentage  of  sediments  is  probably 
about  the  same. 


STRLCTURAL  RELATIONS. 

Iiitei->ia!.~T\ie  age  of  the  Tulameen  group  is  believed  to  bo 
Triassic,  or  possibly  even  earlier,  and  its  present  structural  features 
are  a  record  of  events  that  took  plac'  in  the  geological  history  of 
the  region  sin.:e  the  depositijii  of  its  rocks.  Since  the  close  of 
Cambrian  times  tlie  events  which  have  had  the  greatest  influence 
on  the  rock  structure  of  tiie  western  Cordilleran  region  happened 
'during  the  close  of  Triassic  and  succeeding  times,  so  that  at  the 
present  time  we  tind  I'alseozoic  rocks  not  much  more  greatly 
deformwi  than  those  of  early  Mesozoic.  The  rocks  of  the  Tuhi- 
neen  group  show  strong  evidence,  in  their  attitude  and  struet\irp, 
of  those  disturbing  influences. 

The  rocks  are  well  bedded,  and  their  dips  vary  from  25°  up  to 
90°,  with  a  great  many  more  instances  of  the  latter  than  of  the 
former. 

The  main  strike  of  the  rocks  is  sliglitly  we.-,t  of  north,  coineid- 
iiiK  with  the  elongation  of  the  eruptive  roek»  and  with  the  moun- 
tain axes  of  the  adjacent  region.  Many  discordant  di|)S  are  recorded, 
including  a  strong  one  almost  at  right  angles  to  the  main  one; 
indicating  that  compression  was  not  always  e.xerted  from  the  same 
direction,  but  that  there  were  two  strong  movements  at  right  angles 
to  each  other.  These  two  conflicting  directions  of  coinpressi(m  have 
produced  a  complication  of  structure  which  is  very  difficult  to  work 
out,  though  generally  the  rocks  are  fotind  folded  into  anticlines  and 
synclines  whose  a.xes  run  normal  to  the  two  nuiin  ilirections  of  com- 
pression. 

Some  faulting  has  also  occurred  either  as  a  result  of  compres- 
sive forces  or  as  an  accompaniment  to  the  intrusion  of  the  various 
batholithie  bodies  that  have  been  thrust  into  the.se  rocks. 

Beside^s  folding  and  faulting,  schistosity  is  a  well  developed 
structural  feattirc  of  tho  rocks  of  the  Tulameen  group.  This 
appears  to  be  more  a  re-ult  of  contact  than  regional  metannrphism. 


•ilT.AMIi  .V     orsTKK  T,    li.  C.  4] 

for  it  is  clearly  mor..  pronoun...)  i„  ,1„.  vi.i,,;,,  ..(  ,„.>  iar...  i^„eo,.s 
bodies  than  U  .s  o„tsi.]o  the  sphere  of  infiu,.n.v  of  those  ho.lie. 
Keg.onal  .netamor,,h!sn.,  however,  must  have  pro,iuee,|  «„n,e  <ehi*- 
tose  strueturo  at  the  tin.e  the  r.x'k.  were  fohl.  ,  and  heforo  the 
intrusion  of  the  ICaj.'le  arano-liorite.  for  the  lar.-e  hloek.  of  roeks  of 
the  Tulanieen  gronp,  in.h.ded  in  the  sranodiorit,-  in  the  eontaet 
zone,  show  tlmt  schistosity  had  already  heen  indne,..!  in  theni  hefore 
the  intrusion  of  the  grano,liorito.  An.l  hec'au.e  thr  Kajrle  prano- 
diorife  is  pre-CretaeeoMS  in  ase,  the  da..-  of  the  d-l  .nnation  of  ,he 
Tuhin.een  group  is  fixed  as  about  early  .lurassie  or  lato  TriasM,— 
coineiding  in  time  with  tlie  jrreat  .Turas-ie  revolution  of  the  western 
Corddlera.  Some  deforn:ation  of  ;the=o  rocks  probal.Iy  took  place 
later,  but  it  was  comparatively  weak  in  its  action. 

Along  its  contacts  with  tlie  EaRle  cranodioritc.  B..ul,icr  pranile 
and  pyroxenitc,  the  Tulan.ecn  group  Ju.s  Ik.,.,,  fracCrcd  and  broken 
into  Irasments,  which  have  h.-en  cemented  together  again  in  a 
matrix  composed  of  ti>e  materials  of  thc^c  various  igneous  ro.'ks,  to 
form  a  breccia.  On  the  contact  with  the  Kagle  granodiorite  this 
brecciatiou  is  particularly  well  markd  and  covers  a  zone  in  places 
1.000  feet  wide.  Another  effect  of  'these  various  intrusives  was  to 
sen.l  off  many  apophyses  into  the  ro.-ks  of  the  Tulanieen  group, 
espwially  along  bedding  planes. 

Contact  metamorphism  of  the  Tulanieen  gn.up  has  accompanied 
Igneous  intrusion  to  an  extent  which  varie-  witli  the  compositi.m 
of  the  intru.lc<l  bed.  In  the  limestone  su.^h  typical  conta.^t  nu'ta- 
morphic  minerals  as  garnet,  epidote,  bi,.tite,  and  hornblende  l.Hve 
been  developed.  In  places  the  limestones  hav..  been  sillciiied  and 
often  mineralize<]  with  sulphid.s.  Q„artz  veins  in  the  rocks  of  the 
Tulanieen  group  arc  conmion.  on  tlie  borders,  particularly,  of  the 
more  acid  rocks,  and  the  majority  of  the  ore  deposits  of  the  r.-gion 
are  intimately  associated  with  these  ininwions.  Virtually  all  the 
veins  and  rei.Iacement  deposits  ,,f  ore  in  the  Tulanieen  distri.-t  lie 
in  the  rocks  of  the  Tulanieen  gr,.up,  and  have  been  formed  as  a 
result  of  intrusion  into  them  of  the  large  igneous  bodies  of  the 
region  such  a-  granodiorite.  Boulder  granii,..  and  pyroxenitc. 

Externa!.— T\w    relations    existing    betwe.n    thi"    rocks    of    the 
Tulanieen  group  and   those  of  tho   other   formations   are   perfectly 
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(•li\ii\      Tliry    ai-c    iiitriidi.l   liv    ;ill    tin-   liatlinlilliii'    ii;iirOHs   bcMlifS   of 
ilir  rc'iini].  :iii>l  K.]\  cxipo.-i'd  f,.iit.ic-t-  i-Aii  I'l'  I'.uii'l  t"  iir.ive  thi:i. 

P.clwi'cii  till-  Ki"!'!'  'I'l'l  ll"'  ^'<'il:ir  vuliMiiii'  ami  C'olilwater 
-eric-  till  II ■  i'\i~t-  a  -troiii;  m.cMiit'Mnuity,  wliirli  i'i  iirovcil  by  a 
marked  (li-i-iTihiiicc  of  ilip-  ami  ^lrik<-  \vli,Tc\.'r  llir  two  oniiie  into 
I'oiilart.  Till'  'riiliiiiarn  i;imii|.  iinisi  Ikim-  Ii.tii  iiplil'tcil,  ci.iuiiressed, 
ami  it-  u|itiiniril  ■■ilyi-  .•r.uli'.l,  Imul'  in  lori'  tli.'  (Iriio-itinii  of  cither 
(it   tlir    li.niial  iiiii-   liii'lil  ii'iiid. 

MiiDi;  uv  tiuiiaN. 

Till-  ■rulaiiiriii  uiMup  (■oini'i'iM'-  two  ili-lim-t  ria-si'-  nt   rivi'U-.  the 
oiii'  <iiliiiiriitary  and  tlic  ntlicr  vnlcaiiii-  in  (irij-'in. 

'I'lic  ^rdiiiii'iitary  rn'ks  rf|irf<riiT  a  \i'ry  small  tvai'tinn,  in  hulk, 
III'  till'  whiilf  j;ri.ni>,  tliou^'h  llio  tiim'  ri'iiiiircd  (•<v  ihrir  fnrniatioii 
ua-  in-dhahly  -n-atn-  t'u'it  for  font  tlian  that  for  an  diual  thickness 
of  volcanii'  io<-k.  Their  oriiMii  i.s  simply  that  of  true  sediiiieiits 
laid  down   in  the  usual  way  on  the  lloor  of  the  sea. 

The  voleaiiie'  roeks,  whieh  lonipose  the  preat  halk  of  the  t--ronp. 
arr  effusive  in  oriL'in:  that  is  to  say.  tiny  are  lavas  which  rose, 
lin-umahly  through  ti^-iiro-  ir  the  earth's  crust,  and  tlowod  over 
ill.'  snrfare.  Xo  tntTs  or  rocks  "f  explosive  voleanie  origin  have  yet 
1. 1, 11  idontilii'd  in  this  firmip,  hut  they  are  iepre>ented  in  the  .Vieola 
-I  rii -.  with  wiiicli   this  o-ni'ap  is  oorrelated. 

'I'he  fart  that  these;  Volcanic  roeks  are  distilietly  hedded  and 
inlcrstratilied  with  true  sedim.  nts,  indicates  that  they  are  suh- 
aipieous  in  ori.L'in,  and  were  extruded  over  the  lloor  of  the  sea  in 
which  the  -cdiuientary  rocks  were  heinir  dei.osited.  The  texture  of 
thc-e  rocks  ihrouyhoiit  is  not  so  tiiic  ns  to  siigf-'esl  very  rapid  cool- 
injr.  .such  as  mifrlit  he  developed  under  siihacTial  conditions,  thouirh 
soM.e  devitrilied  izlas-  appeals  in  many  of  then:.  Thoiiiih  there  are 
no  examples  in  them  of  that  pillow  strui'ture  which  is  considered 
to  lie  eharacicri-tie  of  siibaipicu,  volcanii-  flows,  this  structure  may 
hiiM-  been  presi'iit  and  afterwards  obliterated  in  the  process  of 
dcfiirniation  of  the  roeks. 


A(a;  AMI  1  oiiiti;i.\rioN. 


The    ai'tual    ajre    of    the    Tiilaineen    jirouii    has    not    yet    been 
detiuitelv    ti.xed,    because    of    the    absence    of    L'ood    palicoutological 
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rv  ...,„■,.  I,-  r.h.,iv,.  ,,„-i,i,„,  l„„,.v,.,,  i„  „„.  „!,,,  ,„•  ,„,„„,i,„,^ 
■■t  iln.,  <l,-,rK.t  i,  ,„.rlV.,-,lv  ..l,.,,-.  f,.r  i,  i,  i„„,„|,.,l  U  ,11  tl„.  i.^n.o,,. 
r-.-ks.  u.ul  ovfrlai.l  u,u„„t-,r>„al.l,v  l,v  :.|1  ,|„.  „r.ui,i,.,l  l„r„u.ti..M, 
It  KS  thm-lnro.  tl.e  ..Mos,  t-ru,,,,  „f  ,-,„,k,-  uiiiun  ll,.-  limiN  of  ,1,.. 
niiip. 

AitlMuigh  tlie  jfiv.l  'H,ik  „:  ,l,e  ruck,  ol'  the  .^vonv  Mr.  v.lr.nic 
'"  on^u,,  iIht,.  ,„•.•  al^.,  in.lu,!,-.!  will.  ,l„.,u  a  -mall  ,,r..,,„rtiu„  „f 
triu.  .c-.lun._.,„s.  Tli,-,.  uvrr  ..nvfullv  ,.^al,:i,„  .1  I'or  t..-,iU.  l,ut 
"Miy  m  01...  |.la,x.--„a„„.|,v,  „rar  tho  M.,„nh  „t  Slah.  .-r.vk  -uv.v 
any    ol,tain,.,l.      I„    .h,    :„-.ilii,,.,   .,■    ,|n-    Ha.v   -,,„..     |„„.,    |,|„i,.,|' 

I'li'iit-hkc   iviHa.n-    w.-iv    „,.,,„1.    I,u;    «,,-,.    ,.„,    ,„ „|,],„,    ,„    ,„.   „,■ 

"""■''  '"^'^  ^'^  <'vi.l.'n.v  in  ll„.  ,|,-l..n,m,aii,,n  ,,t  th,.  ;,.,.  ,„  ,1.,.  ,,„.k,. 
Tli,\  ,„;,t..rial  wa.  ,,.l„nitt,-.|  f.  Mr.  F.  |[.  ICowlto,,,  „l  tl.o 
<-...., I  >,a,.s  (;,.„l„Ti.al  Surv,,v,  f,„  .Iw.r.miali  .a.  vvli.  ,,at..s 
fl.at  It  •,.-  v,.n-  „l,.,.u,>  .„hI  ..M,l,ra,v.  n..,  „,..,•,.  ,i,au  luv,  tv,..-  „f 
vese.an,,,..     Th,..-,.  an: :   ,1,   a  .l,i,-k.  Mru.nuvl.--  -„.„■  nf  unknown 

ohararter.   an,|    (J)    u   llat-l.-av-l    plant    that    ha~    th.   appraran ,f 

hviw^  .hdi.tonn.u.ly  hranrh,.,]  and  von.-.pantlv  to  h,.]..u-  f,  th.. 
^...u,  Jiai,.,-.,.  hut  it  i.  wry  „|,-,-ur,..  I,  .,.,.„>  alt,.:r,.th,.r  pn.hahle 
that  tin.-  <.„ll,.,.,i,.n  .-ImuM  !.,•  n  t,.rr,.,l  „,  the  Tria-Mc.  hut  tlu-  ,.vi- 
'.'■inc  l,,r  MK-h  rclrnuHv  i,  urithrr  .■nniplfte  n.u-  a.lc.piatr.  It  duo. 
...t  M,p:r,.st  th,_.  (■n.tar,.„u-.  au.l  as  tin-  ,.h„i,v  appears  to  lio  b,.twoon 
'iu-,.   hor,/o„-    it    is   u;,.-t   pr..hahly   the  furuHr   -nana-ly.   Tria-ir.' 

Litholofri,.,,!  ,.hara,-t,.rs.  au,l  thr  nlaiiv,.  i.u-iti„u  „l  th,-,.  roeks 
"1  thr  r.riou  were  th,.  i,K,iu  availahle  .-rifria  ..n  whi,.h  t.,  ha-,-  .,m 
'-''"'^"'-      "•■      ^'-'■-        ''■ll-     ,-n...u,„u.      pr,.p,.n,h.rau,....      „f      voLani,. 

>itnt,.naN,   t„,,.|l„.r   with    il...   Muall    pn: rti f   i„terb..,l.l...l   s,.,li- 

""■'"'•    '^"-^'•^"•'1     ll.,-ir    -nlali,,,,    will,     Daw-.ufs    Xi,.ola    s,.ri,-. 

•Vain,  in.t  ,n,.r,.  than  s  ,„i|,.  „„„|,  ..t'  tl„.  .,,uth,.avt  mrnvr  „r  th,. 
:.r,a.  ,.„  \Vhip„,u-  ,-n.,.k,  1  .„n.'  in  1<7.  f..:,u,l  Tria^si,.  lo-sils 
'"  .■■"■ks  whi,h  an.  lith,,],.  :ly  .iunhir  t,,  th  Tulatu.vn  ^-n.up, 
ami  have  th,.  -am,.  ,L:cn..ial  >;ri',     ami  attirml... 

Th,.  ,„,ly  nih.-r  £.n,np  ..f  n«-k-  in  tho  a.lja.Tut  ,v,untry,  with 
whn-h  th..  Tulan;..,.n  L'vo„y,  nii-ht  h,.  .•,.n,.lat...l.  i-  fh,>  (-....h,.  Creek 
^roup.  hut  their  lith,,l„d,.al  ,li-M,nilarity  f.  thi.  :,r„up  uia.le  this 
<orn.|ati,.n  ntisatisfact.iry.     It  was.  th.^n'tur...  e,,n,.lu,l,.,l.  thoufrh  the 
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evidence  at  hand  was  slight,  to  corrtlatf  tlie  Tidaiiieen  grii\ip  with 
the  Nicola  series. 

The  evidence  of  the  a^e  of  the  Nicola  scries  is  mainly  palu'on- 
tologicul  and  is  fairly  strong,  and  in  siiniiniiMj  up  this  evidence 
Dawsou  states  ''that  while  the  gnat  bulk  of  the  Nicola  formation 
is  undoubtedly  enuivalent  to  the  Trias^i(•,  it  passes  up  in  a  few 
places  into  rocks  of  lower  Jurassic  date.' 

Boulder  Granite. 


DISTRIDLTK'X. 

While  the  texture  of  the  Boulder  granite  formation  is  such  as 
to  suggest  that  it  was  originally  a  body  of  considerable  magnitude, 
its  »)resent  area  is  scarcely  ti  square  niilos,  and  part  of  this  is 
covered  by  the  stream  deposits  of  the  Tulanieen  and  Otter  valleys. 
Its  present  form  is  that  of  ii  large  dyke  roughly  (i  miN's  in  length 
ond  averaging  about  a  mile  in  width.  It  extends  frun;  the  mouth 
of  Elliott  creek  southward  along  the  west  side  of  Otter  valley  to 
the  Tulanieen  valley,  where  it  is  largely  covered  by  recent  stream 
deposits;  but  a  number  of  outcrops  appearing  through  these  stream 
deposits,  as  far  down  the  Tulanieen  valley  as  the  mouth  of  China 
creek,  suggests  that  it  may  be  found  t"  extend  continuously  under 
the  drift  to  this  point. 

It  is  not  likely  that  tlu)  Boulder  granite  formatidu  ever 
extended  niucli  farther  to  the  west  than  the  limits  asi-ribcd  to  it  on 
the  geological  map,  and  certainly  not  where  it  is  in  contact  with 
the  rocks  of  the  Tu'amcen  group.  Along  the  greater  part  of  its 
eastern  boundary,  however,  it  is  in  contact  with  the  Otter  granitt- 
formation,  and  it  is  quite  possible  that  that  granite  has  reduced 
the  area  of  the  Boulder  granite  by  intrusion  intfl  it.  Volcanic 
flows  of  later  age,  occurring  to  the  southwest  and  east  of  the  Boulder 
granite,  may  also  cover  port  of  its  area. 

The  Boulder  granite  nowhere  abuts  against  the  Eagle  grano- 
diorite,  but  is  separated  from  it  b,v  a  width  of  about  C>  miles,  all  of 
which  distance  is  occupied  by  older  rocks  of  the  Tulameen  group. 


'  t;..S.C.     Annuiil  Report,  Vo'.  VII,  p.  il  B. 
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A.   soon    in    hand   spo.imous    tl.o   t.vpioal    ro.-k    .f   tho    I!„uMor 
(,'ramto  iormation  is  ralhor  ooar.o  Kniino,!  :u„l  ^ranhio  in  ..xturo 
t  .how.  much  Khi.w  .;uar..  ir  h.r.,.  .r,...!..  pi„k  .okl.par,  and  a 
l.ttle   black   hornblende.     Thore   i-    a   -tn.n,^  grooni.h   ,in«e   to  tho 
rook  duo  to  tho  altoration  of  tho  lold.par  and  tho  dovol„pn,ont  ..1 
epidoto.      Cry.tala   of   pyrite   can    lr,,.,o„tl.v    l,o   .con    in    the   hand 
speo.nicn.     Ihe  rock  .,  often  tn,vor>od  by  small  ,,nartz  voinlets.  and 
along  fracture  planes-  of  which  the  rock  is  full- there  is  a  .tron^f 
development   of   chlnrit.-,    ..pidoto.    and    other    s,.,.„ndarv    .niM-r.l- 
Biotue  IS  very  rarely  seecn  in  the  ha.ul  ..peoinion,  an.i  in  this  respect 
the  Honlder  granite  differs  from  the  Eagle  grano.iiorite  in    he  field 
m    that    the    latter    has    i.iotite    as    the    principal    forro-magnesian 
mineral,  while  the  fern,,  r  has  hornblende  or  its  alteration  products. 
Thin    ser-tions    of   the   Boulder  granite   show   a   rock   of   fairlv 
coarse   but   even   grain.     The   pro,I„minant   constituents   are   .mart'/ 
and   ortlKK.lase.      These    two    .-..iaorals    often    show    a    ir.hTographic 
mtergrowth.  but  more  commonly  the  feldspar  is  idio.norphic  towar.N 
the  quartz.     The   quartz   is   clear  and   glassy,   and   occurs   in   large 
individuals  or  in  aggrogalos  of  small  strain-.     It  is  frequently  frac- 
tured, and  the  fractures  are  fillod  with  secondary  caloite  or  quarts. 
The  urthoclase  ia  in   large  crj-stals,   which   are  always   oloudv  and 
show  decomposition  to  flakes  of  mioa  an.l  grains  oi  .pidote.     A  little 
plagioclase    is    usually   present    in    momII    individu.  ;    crystals.      The 
principal    dark    mineral    is    hornblende,    which,    however,    is    never 
fresh,  but  shows  alteration  to  a  grcon  plooohroio  chlorite.     Epidote 
is  generally  present   with   the  chlorite  as  an   alteration   product   „f 
the  hornblen.le.     When  biotite  is  present,  whi.'h  is  rare,  it  is  gener- 
ally altered  to  chlorite  and  magnetite. 

The  accc-sory  constituents  are  apatite,  titaiiite,  magnetite,  n  i 
pynte.  Calcite  is  a  common  secondary  constituent,  which  .  jtii 
quartz  occurs  as  a  later  infiltration  of  fractun^  planes.  The  a  r,i- 
tion  products  are  epidote,  chlorite,  and  mica. 

As  a  rule  the  nonnal  order  of  crystallization  prevails  in  the 
Boulder  granite  rock,  but  in  son:e  cases  the  quartz  and  orthoclase 
have  crystallized  together  wi;h  tho  development  of  a  micrographic 
structure. 
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III  tin-  ilivilopiiuTit  uf  «lili)rii('.  f|iicl()tc,  uiid  mica,  the  rock 
shows  ei'iiMili'iahle  nii'liiiiiuriilii^iii.  HyiMinic  ^iiir.-ics  are  iil-i>  r-hnwii 
ill  the  liiiikiii  crj-stalH  uml  in  the  funiiiilii'ii  nl'  .iiany  small  frar- 
tiiro*.     <imi-^i''  striii'tiirc,  howi'vcr,  ii  never  upiiapciit. 

A  sanipii'  taken  t'reiii  Cdllins  L'lileli  and  anal,v-e<l  in  ilic  ialiora- 
tory  of  the  Mines  Hraneh  hy  M.  V.  ('..nn..r  trivet  the  f..llHwini.' 
ehonii<'al  eeiKposition : — 


Si(). 
Al:Oj... 

K-o    . 
Mk<  ' 

(■;.()  .. 
N'aiO.  . 
K.ll... 
H.O  +  . 
ll:t>-.. 
liO:  . 

Mn.ll 


7:Mtl 
l-4:t 

IL'O 

II  .v. 
■>n» 

;tH4 
:m)m 
0-H7 
0'(M> 

0  Ii 

.  trai-i'. 


1W-4J 
Tlie  analv-is  sii,,\v-  tli>'  mrk  In  In-  a  tairlv  iiorii  al  jrranito  with- 
out   any    >trikin!r    iieenliarity.      In    eeinpari-on    with    an    avcraRO 
granite  its  silica  i-  a  little  hinh  and  it-^  ahimina  and  iron  n  little 

]«w.  hnt    in   other   ri>~i ts   it   is  (piite   noriial.     In   eoinpo*ition   it 

reseinlde-i  eloi-ely  many  pranite-  from  .arious  parts  of  the  eoiitinont, 
hut  perhaps  its  closest  parallel  :-  a  roek  calle<l  mieropranitP  from 
Mari|...-a.  California,  .h'serlhed  ov  TI.  W.  Turner.'  The  analysis 
als,,  is  Mrikiiurly  like  tiu'  rhyolitos  and  oh-idian  de.scrihcd  hy 
Iddins-'   ffoni    the  Yi-llow-fiie  National   Park. 

.\ee..rdiii(r  !•■  th'-  Quantitative  Ch\--irieation  of  ipneous  roek-. 
thi-   rnrk    i-  a   la   -e:e-e. 

>TH1  111  l!\l.   111,1  VMoNS. 

liilniKil.  K..r  the  rea-.i.  that  tli  •  Boulder  frranite  is  one  of 
the  ohle^t  rork  k  .die-  ii:  the  .ii-tr,  ■>  a;.d  ha-  -utTered  erosion  for  a 
frreat  h'liulli  ..f  'nie.  it  d«-  net  i..rin  prominent  topographic- 
feature-  and.  ex.v;.t  wlh-r-  en',  into  and  expos.'d  hy  the  streams,  it 
is   f;cii,  rally   covered    >vilh   <lf'.'t. 

Wherever  exposiMk  it  shows  evidence  of  liavinR  sufTercd  deforma- 
and   netanmrphi-in  I'lthcr  from  dynamic  forces  or  as  a  result 

I  (■  S  (1  S.     17tli  Annuul  Ucport.  Part  I.  paef  7.'1. 
•  Hull,  riiil.  Sur.  of  Wi.-li.;  V..1.  12,  p:iR<-  :W. 


"'■'""■"-'""  ''^    h,r,.r,.,„,„.  I„„ |..,.,.  .|„,v  „   :-.,„  i„,|,„.,, 

'■'"'""■'  "'"'  '"'-^  -"• ^  '■'"■'-  -l-  Knnn.,.  „  l,,.  tun.l  .„„l  -I,,  ;,r..,l 

^'■"1  '"  'lui,  -r,,i„„  i,  .i„,„.,  .,n,i„..,|  ,,,,,1  ir,.k,„  ,.r^-.  ,1-  Tl„.,„ 
Ira.'lun.  i-h.m.s  run  in  all  .lin.ti,,,,-.  |,„r  muumI.v  i„  ,.  .,,,,,  ,„,„|, 
iiiiil  -niitli  <lirc'<'ti()ii. 

Wh.T..    ,1...    I!.,„|,l,.,.    „,,„:„.    ,,    ,, ,  ,„,    ^^,,1,    ^.  ^^_^^^^     ^^^_ 

rm-K-,    >,„|,    a~    i,,l^;ur    -.Ml,,!,.    ,,l    tl„     ,„..Utl,    ,,1    (.,,.r   ,.,,.,1,     it    ,        fill 

'""V""';"'"'' "'"' ''■■'"'■""■''•  ^^'"-"-i"''  •-■■-- ; ,.,,„., 

'■'""-'■;'"■-    i-    ••    "'-U.    .I,.,.|„,„„„„,    .,.    ,,,„i.,„.,      .^„..,,    „,,., 

"'"'    -'"''"    '■'''•■'"•    >'"■".:.'>■.•-    an.    al-,.    ,,.„„.    ,•„,„, |„„     ,|..-,.     ,r,. 

^■■■..■rallv    l.arr.n   ,„■   a,v   ,.„i.v   -li,.],,!.    „„,„.,-ali/,.,|   |,v    ,,vnr,.. 

.\>  a  r,.,ult  ..f  tl„.  „„.ta,„.T|,|,i..  ai:..i,ri,.,  ,,,  whi,-h   ila.  r..,.|;  I,.,- 
l-'-n    M,l,ji-t..,|,    ,>..-!,.    „„alt,.,v,i    -a,n,.|..,    a,v    al,„„„     i„  ,,„.,i|,|..    \.. 

ol.ta.M.  I,„t    i„   ah   tluT..  i,  a   -tr..„..  ,|„,,|,,, .„i   ..(  ,.,,i,|,,„,  ,.|,;,,,ii,. 

.111(1  olIiiT  S(>C(iiiilao-  liliiiiTaK. 

Kx-vpt  on   .„■„,.  „1-   i,.  ..„„.a.-,-    ,1a.   |;,„.M,.,-  .rani..-   i-   „.,„arl.. 
■My    .i.nl„n„     .l,r.,u^l,nu,.    i„    ,-,„„,...-ni„M     a,„l    ,,.sn,r..       <  )„     i, 
'■'■"tart-.   l„uv,.v..r.   will,   tla-   m.-k-   „r   ,|„.    Tula,,,..,.,,    ..,.,,  ;,,    i,    .,,,„,. 
ally  coiitaiii^   naiiiy   iiic!iisi,,iis  ,,1   ,|„,„.   r,,,-!,,. 

>■■■''■'"•''■      Th ly    r,..k    l„n„ati,.„.    uiti,    uhi,.),    ,|„.    l;„„|.l,.r 

frranitc  is  in  .M.ntiu.t  ar..  rlii,  TiilaiiKvn  ^rr..,,,,.  tii..  aii-ir..  ..v,  „ii,. 
•'-"I  tl...  (•.■,lar  v„|,.a„i,-  ...,-i,.,.  I,.  n.|at„.„s  ,„  ,1,.,..,  f.^mation,' 
linu-oviT.  lurni.i,  s„lliri,.,„  ..vi.|..,M.o  In  lix  i,,  nlativ,.  ,,„.i,i„„  ;„ 
llu-  t'foIoKiral  (•oiiiinn  vt   this  ili^-irid. 

At  Klli„tt  cr.vk.  Smith  vtwU.  l],.uUlvr  rrMi.  ti„.  !„.a,l  ,.( 
Kiil(l..||  ,T,.,-U,  an,|  at  C.lliii-  t'lil.-h  ih,.  ,.,.i„ii,-r  .,(  DnnM,,-  yraiiit,. 
with  ,1a.  Tnla>,,.,.„  ^rn.np  i-  „,.|1  ,.mm,<,.,1.  .\,  all  ,„  ,h,..e  ,,„!„,- 
tl.r   t;ra„i,,.    i.   ,.|rai-|v    -l„,un    ,,.    I«.    i,„rn-iv,.    i,,,.,   ,1„.    ,.,„-ks   of   tho 

'^"'■•' '■"   -' I'-      -^11    '!"■  '•'■i.la.t.   -la.vv    i,    ,,,  ,.„M,ai„    i,irh.-i,,„.   „f 

ll"'  rn,.K,  ,,r  ,1„.  Tulaiia.,.,!  ^,-,a,|.,  whilr  ,„,  \l\.].\  |i  ,.,.,.,.k  apophyses 
of   the  trranit,.    iM.|„,,ra,r   il„-   .aia..   r..,-k-,      (^„ar,/.    v,.|n^    ar.'   .|',iit,. 

frequently  fonneil  at   tho, „,aW-   in   th.'   r.-rk-  ,,f   <]u'    rulatia-en 

frroiip.  Contact  nH.|anior|.liiMii  and  iv|,Iar,menf  l.y  -ilira  i.  al-o 
often  apparent  in  tla-  in,rialr.l  rurk^.  Only  .H-ea-ionally  ai'e  (he 
qnartz  veins  n:iiaM-ali/e.|  -iitlirienlly  to  form  ore  h..,li,-..  la,,  ,„ore 
often  the  phenomena  ..f  r.  plac-cment  hav,.  I.,.,.,,  a.-.-„nipanie.|  |,y  u 
mineralizutinn  by  iron  aiel  copper  ^ulphi.jej.  forniimr  o,v  bo.Jie- 
with  fairly  hidi  gohl  an.]  -ih.T  content*. 
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I  111  ivluimii  ol  the  Lti/iil.li;r  jfruiiito  t"  tlif  luiKiii'  -i'e'iil''  u  uot 
no  wt'll  shown.  At  thi"  mouth  ol  (ttlcr  i  reek  the  two  furiiiatiuii« 
approaoh  vi'ry  iicur  to  eaoh  olliur  thoiigli  thu  uctual  cuntuct  is  no' 
ex|ioi<i'd.  Tlie  nlatiuii  fan  only  he  ili'tLTiniui'il  hy  the  clTcct  whii'li 
the  one  rock  lin»  on  thi-  uihcr.  Wliih?  tlie  auKitf  "tycnite  is  appar- 
ently ipiito  iinuffe<tt>il,  th«  liouldiT  tfranite  i-*  trait uri<(l,  alicki'ti- 
.-iiliil,  iind  .-lit  li.v  a  nimilnT  "1'  iiniill  i|  .art/  -tnnvrers.  A  i-liulil 
iniiicrali/.atiuii  hy  pyrilc  and  i'liiil<ni)yrito  i-*  aU<i  evident.  Thi« 
evidence  j^ecniJ'  to  "how  lliat  Iho  aii^ite  svenitc  i-  intrusive  into  tlie 
Houlder  trrnnite. 

Tiie  only  otiier  rock  lorniation  with  wliich  tiie  lloulder  Kraiiitc 
is  in  contact  is  the  Cedar  voh'anic  scrioJ.  Tin-  actual  contact  is 
not  exposed,  hut  outcrops  of  the  two  rocks  occur  within  •  few  feet 
of  each  oilier  on  the  benches  we-'t  of  Tulaiiiecn  village.  Ilrre  it 
appears  as  if  the  lowest  bed  of  the  Cedar  volcanic  scries  had  tlowed 
over  the  erodeil  surface  of  the  Boulder  granite,  indui'inur  a  slight 
•ontact  nicUin:orphisni  and  irivinu  it  the  oxidi/cd  mid  hiiriil  .iii|>ear- 
anco  that  it  now  has  all  nlon;;  this  contact. 

MODK   OF   (iHli;I.\. 

Although  the  si/.o  of  the  lioidder  (iraiiite  formation  is  not  now 
such  that  it  is  worthy  of  the  name  of  batholith,  its  contacts  with 
the  older  rocks  of  the  Tulamcen  proup  give  evidence  that  its  oriifin 
was  not  unlike  that  of  a  batholithic  body.  Its  area  may,  however, 
have  been  considerably  preater  at  one  time  than  it  is  now.  These 
contacts  show  angular  blocks  of  the  intruded  rocks  incoriiorated  in 
the  body  of  the  granite,  suggesting  that  the  granite  worked  its  way 
upwards  in  a  molten  slate  from  the  deptlis  of  the  earth,  stoping  off 
fragments  of  the  intr\ided  rock  and  replacing  it  gradually  and 
cpiietly,  until  it  attained  its  present  size  ami  position,  where  it 
solidifio<l.  While  this  process  was  in  operation  apophyses  were 
being  sent  off  into  the  intruded  rocks,  which  also  soli<lified  and  now 
appear  as  granite  porphyry  dykes.  Tlio  intrusion  was  accompanied 
by  highly  heated  siliceous  emanations  from  the  molten  rock,  which 
went  to  fonn  the  quartz  veins  or  were  instruiuental  in  forming  the 
replacement  ore  bodies  which  occasionally— as  at  Boulder  creek — 
border  the  Boulder  granite  formation. 


I  '   I.AM  I  r.s     lii.sl  i;l"    I       ll.  ( 
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_  A-     th.      uy..    .,1     „„     lf„...„-     U„|v     ,.     .1.   -.T,>,il„-,|    :,1„„..,     ..,„MV|V    |,v 

It-  .•nnl.i.is  With  rn,k,  ,.1  i;„..«„  ,«.,  ,i,.  ,.v:,|,.„..o  I'or  tix.ntf  th- 
■«.•  ..t  thf  H,„.l.l,.r  triatiif  intn.si,,,,  i.  wry  ,liKht.  \V,.  know  it  i. 
.ntri.^iN,.  iu,„  ,1,..  „H.k,  „t  tl...  Titlatiieen  uprnp,  l,ut  tl..-  ub.  of  th,. 
'I)i1mi,„.,„  ;.ron,.  ha,  „i,ly  1..,,,  proviM.mally  |,h..-,.,l  i„   ,h,.  Tria-.io 

from    it.   lithnj, .«„•., 1   r,. .I,l„n.-e  to   the    \i,oh,   vri.M  of    l),ni-.„„. 

wlii.h  .-,.,  l,nn.  TraiSM.-  fo^MN  Uii  thi.  ..u.h.,..',.  a„,l  bo,.,,,!-  it 
I-  ol,|,.r  thai,  (lie  ,n,ui-o  -y,.,,,,,.  ,,,,.1  th..  Kntr\o  KruiKMliorif...  whi.h 
•  re  pn-l-retucioiH.  tlio  atf."  is  .U't.riniii.Ml  „,  ,,,rly  Jnri.-M-. 

The  HouM.r  grniiU;  thc.i.  if  iho  i.fro  u-crib.-.i  to  it  ho  th,> 
-,.rr.M-t  ono,  r.-prosont^  in  the  T..li.m.-.-ti  .li^triot  th-  hocinni.iu.  of 
.'■•■'tholithic  ii,tn.-i.,t.  in  th..  .ri.rn^'ic  poriod.  n  porio.l  that  i^  r..„u,rk- 
able  throuKJuMit  tho  whol,.  of  the  w.wtcrn  part  of  the  .•onti.»Mit  for 
the  iimKnitiick.  of  it.  ian,-.,ns  activity  ,,n,l  tho  .ri.'ty  of  iho  rn.-k. 
ri-<iiltinjr  thorefrotn. 

Peridotite. 

nisTRIBLTION. 

Two   >oparato   I-mHos   of   peridotite   have    l,o,>ii    oiilliiiod   oii    tho 
Tiilatiipon   map.     lioth  lie  ifi   the  iouthweMoni   portion  ot    the  area 
and    are   rlosely   associated    with   i.vroxenite.      The   smaller   one    of 
llie-e   tw,,  i„„|i,.,   iyj„if  „„   ,l„,  „„,,,M.ast   slope  of   LodostoiM    nioiii,- 
taiii   i,  dyk.-liko   in   form.   K.inir  only  ahoul   .".(Xi  f,.,.t    in   wi,|.!i   but 
liavinp  a  l.ii«:tli  of  a  mih.  and  u  half  within  the  l|,„its  of  the  «:ap- 
-lieet.      It    i,   ,piiie   probable   that   this   body   extend-    some   ilistanee 
heyond  the  -outlicrn  border  of  the  map-sheet,  and  is  cut  thr..iiKh  by 
the    „pp,.r    branches   of   Xewton    creek.      It    strikes    northwest    anil 
southeast  and  is  bordered  on  both  sides  by  pyroxenit..      The  north 
en.i  ,,f  this  b«ly  is  well  exposed,  but  towar.ls  the  south  it  i-  eoverc.l 
l-y  drift  and  thick  forest,  s,,  that  its  outlines  ,.o^dd  not  be  ae.urately 
delimited. 

The  larger  body  of  jitridotite  has  ,,,i  area  of  J.><  square  ,„ilos 
and  extends  from  Olivine  mountain  uorrhwest  a.Toss  Tuiameen 
valley  to  Grasshopper  mountain.  The  total  Iens;th  of  this  body  is 
almost  2J  miles,  whil,  its  width  varies  from  half  to  a  little  more 
than  a  mile.  The  strike  of  the  body  is  directly  across  that  of  Tuia- 
meen valle.v.  and  this  stream  divides  it  into  tw,,  almost  equal  part*. 
1U0I5    4 
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111.,  ruck-  arr  «.ll  .  \|"..r.i  iiti.i.  .xr.pr  tl.:it  iIm-  .-..Ilia. I  lim-  with 
thf  iiyripxi'tiiti'  is  iicvir  -.Iniri.  .  r  ilfiiii  'iit.  flio  Ixnindary  Hup  is 
fairly  do-tly  'li'lii»''l.  Tl"  iii.nliw.-t  ■•ihI  of  thi-  body  i^  lioavily 
<•.,»,  r.'il  l,y  .Irift,  aii<l  it  i-  'mI.v  i.ii  ll.i«  iwiitui-t  thnt  iho  biMiml.iry 
lihi'   iiiitclit    lie   |iii»hi'(l   farllicr  out, 


I  iiriiunlioiit    tlu>    tiiniii    ImmIv    oi     tlip    i-cri'lotito    area    llioro    i* 
n-iiiarKahin  miifciriuity   of  niiu.ralivliMl  c'liaru>-tcri-*tict.  wliich  siiii- 
plilir-  ilic  il....Ti|iiiiiii  "I   llii-  iormalicii.     On  tin'  t,,iiiT  imIki"*  (if  tlio 
body,    liuWfv.T,    variuli..!.-*    iir-    noted    in    tlir    mintrul    iiiii-til  .Mit 
which    mark    a    trai^itiou    throiiuh    iiilfrmudiat.'     tmres    in*"    Imr 
l,\roxciiitf.     TIk'H'    i>   no  sliarp   litif  of    doniarcatioii    l.ptw.- ii      lb- 
pi-ridotili!    and    t>yru\onili'    fornmtioiis,    uiiJ    tho    iran-iitoiy    siagi- 
U.twt'fn   tiiu  two,  whilo  K.iiir..lly   about   ItX)  feet   in  wiiitb.   ..-,  otlin 
niuidi  nioro  than  thi-.     The  boun.iary  line  between   the  two  foni.ti 
lions    is    pliieed   on    tile    |.eridotile   side   (»f    tbi-    transition    belt,   o; 
wh.re    tiie   peridotile    be«iii-    to   show   riiouK'h     pyroxene    that     thi-^ 
n;ineral    beeiuiu  s    more    than    an    ueeessory    eouHtilueiit    and    is    an 
e.-seiitial.     lieyond  that  the  rock   becomes  an  (divine  bearing  pyrox 
enitc,     until,    losinir     its    olivine    entirely,     it     passes    into    a     true 
pyroX(  nite. 

Over  a  ureal  part  ol  its  area  the  peridotite  ha;,  been  altered  to 
»eri«''itiii'-.  and  this  on  a  fre-h  fracture  shows  a  blacU  or  dark 
greenish  colour.  No  cry-talline  structure  is  bore  apparent,  but  tht 
rock  is  nias-ive  and  ihuise.  In  a  lew  places  the  iMTidotite  is  quiti 
unaltered,  and  shows  a  compacted  ma^.s  of  olivine  iirains  and  a  fen 
scattered  ery>tal-  of  chromite. 

On  the  surface  the  peridotite  exhibits  a  dun  or  a  bluish-ifrcj 
e<dour,  but  this  colour  only  penetrates  the  rock  for  one  inch  or  less 
It  weathers  to  spherical  shapes  and  breaks  down  to  a  talus  of  sinal 
slialy  fragments. 

IJesides  olivine   the  only  "t'lt''"  visible  constituent   is  chromite 

which    occurs    eitlier    in    distinct    individual    grains    or    in    shor 

irregular  vein.,  and  bunches.     These  veins  vary  from  one-eighth  t( 

.ue  inch  iii  width  and  rarely   run  more  thaa  a  fow  foet.     Botl 

t!ie  veins  and  bunches  are  found  only  in  restricted  areas,  while  th 
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in.li.i.liiul   Kl-aiii.-,   arc    iiiur.'    widely    ,li-SL.|iili,alr,l   tlirmich    il„-    ,„„.* 
of  the  rock. 

.Mincra logical  slu.ly  <,l  the  clirwiiuK'  l.\  Mr.  it.  A.  A.  .tohnston 
has  revealed  fhc  fact  that  ,li,iin,„i,l-,  [.hitiniirn.  an,!  .„m>-  p.M  ,irc 
associated  with  it  in  the  veins  and  hiiiiciies. 

In  its  ser|.eiitini/.ed  I-arts  the  peridotilc  fonnatin,,  j^  frc,|,i.-iiilv 
traversed  by  small  veins  of  asbestos,  which  arc,  however,  never  nion 
than  one-half  an  incli  in  wi.lth.  In  th.se  veins  ti.e  libre  runs  per 
pendicnlarly  to  the  walls,  as  i.s  the  coMuno„  h,,hit  in  serpentine 
bodies.  'I'hcy  are  not  f.,nn,i  everywhere  throii>,'lM,nt  the  formation 
or  even  throuKhnut  the  sen«'utinized  portions  but  appear  to  be 
r.-tricfed  to  certain  area,,  pic-uriiahly  where  son,.,  weakness  occurs 
jn  the  rock.  These  veins  weather  roddisii-brown.  doubtless  from 
the  d.'eomposition  of  the  asso<Male<l  chroniit<-.  Ajoni;  line.  ,,f  i.oiii 
inp:  or  fracture  it  is  often  n.,tc,l  that  a  scale  of  (.Teen  hornblende 
forms  to  a  de|)th  of  about  om-fonrth  of  an  inch.  This  h..ii,l,|,.|i.|. 
is  probably  tremolite,  and  occurs  in  radiatini:  bundles  „f  tl,i„ 
fibres  of  a  lifjht  greenish  colour.  The  variety  of  serpentine  known 
a3  picrolite  is  also  fre.|uently  observed  alonr  lines  of  disl, .cation  in 
the  rock.  This  mineral  is  also  liplit  preen  in  colour,  lias  a  smooth 
feel  and  a  fibrous  structure.  The  fibres,  however,  -.n,-  brittl,-.  and  in 
distinction  to  t.ho  soft  flexible  fibres  of  asbestos,  run  panillel  to  the 
cracks  in  which  they  are  fonnrl. 

In  certain  places- notably  in  the  l,e,|  of  the  Tulameen  river 
immcliately  b.^ow  the  mouth  of  Kade  creck-the  peridot ite  appears 
to  show  u  brecciated  structure;  but  on  closer  e.xaniii,ati,,n  this  is 
merely  a  pseudo-bre-v-iation.  and  the  stru.-ture  has  been  induce.! 
solely  by  the  ultcrati,.n   of  the   rock   to  serpentine  alon;;   irr.vulnr 

hnc>s.   which  leavtvs  blo.^ks  „f  unallep,Ml   poridotit.. rr..sp,,ndin;;    to 

the  frapmenf.s  in  a  br.M.-ia.  in  the  areas  b..tw.>en  tbc  lines. 

The  extr.MU.'  sta;;.'  ..f  metam.iri.bism  of  the  perldotite  is  reache.l 
along  certain  lines  of  .iisl.).'ation  where  tlie  ro.'ks  have  been  allere.l 
to  a  soft  friable  mass  of  yell.iwisb  n;a(.'nesite  an.j  scales  of  glisten- 
ing mica. 

In   the   thin  s.M'tion   .'.cry  sample  taken  shows  some  .legreo  of 

alteratb.n   to  serp..ntin.-  au.i   mme  sliow  entirely  fresh   olivine.      In 

all    tb.'   .section.s   exaniine.1    oidy    two    miniTaN    ar.'    ]ipe.s..nt     ..livine 

and  .■bromit.'.     Where  tlu   rock  h.,-  not  b.en  eonipl.tely  s,.rp.titini/od. 
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tlR-  .olivine  apiH'ar.  in  vnmuU',\  ».'nun<.  M.paratcd  from  each  other  by 
irregular  lin.^  of  seri>entine.  Where  alteration  ho.  been  ..xtr.,,,.- 
nothiiijf  reiiiaina  but  a  dense  mat  of  serpentine  fibres.  Chromite  is 
•in  aim., dan!  accessory  mineral,  and  o<«;ur=  in  larf?e  crystals 
seailered  through  the  sections,  or  else  in  rounded  grains  which  are 
strung  out  ,n  lines  followinff  the  veins  of  serpentine.  When 
complete  nltrration  of  olivine  has  taken  place  to  .crpootine  these 
strinirs  of  chromitc  grains  remain  to  mark  the  origin.^  Si..<-  sin"? 
whiiii  seriHMitiniziition  first  heean. 

The  above  v>etr,  rraphic  description  covers  the  ttiaj'-r  par'     '*   the 
IK.ri.lotite   lornmtioo,   and   according  to   it,  the   rock   is   classiti.V,     n 
the  Rosenbi.sch  system  as  a  dunite.     On  the  borders  of  the  forma- 
tion,  however,  the   peri.lotite   passes   by   n   pradunl   transition    into 
pvroxcnite,  and  •  ae  first  indication  of  this  change  i.^  marked  by  the 
IT.sen.e  of  aup  te.     In  passing  towards  the  pyroxenite  the  augite 
gradually  increaBts  in  proportion  as  olivine  deerea8«3,  until  the  oli- 
vine i»  eliminated  altogether.     Ihis  zone  is  characterized  generally 
l)v  a  development  of  abnoniially  large  augite  crystals.    Crystal  faces 
of  :Migite.   vhich   are  4   inches   m  length  and  half  that  width,  can 
ofi.n  be  ~.-en  glisU^nimr  in  tlie  sun.     Thi'se  are  emb.^dded  in  :i  ground 
of  irr..enish  olivine  in  <inall   crystals.     There   is  al-o  uiM.ndant    iron 
on>  cither  .■liromite  or  magnetite.     The  thin  section  of  this  phase 
ot    the    formation   al.-K>   shows   occasi.mal  crystals   of   brown   biotite. 
The  large  augite  crystals  are  here  very  fresh  and  show  no  inclina- 
tion to  alter  to  hornblende,  as  they  so  frequently  do  in  the  main 
bodv  of  the  pyroxenite.     These  crystals  contain  many  inclusions  of 
ihiienit"   in  long  narrow   blades   symmetrically   arranged  with  their 
longer  axes  at  angU-s  of  DO^  with  each  other. 

l>yko  forms  of  the  iK-ridotile  formation.  «hi.h  aPi^Mir  to  U- 
aplitic  phase^  of  the  same  iiiagina.  arc  found  in  many  places.  They 
are  generally  only  a  few  in.dies  wide  and  appear  to  till  cooling 
eracks  in  the  peridotitc.  In  hand  specimens  tl.ey  resemble  pyrox- 
enite more  than  the  ix-ridotite,  bu,  thin  s.^..lions  show  them  to 
,-o„tain  much  olivine,  and  to  be  similar  in  composition  to  the  outer 
eonlact  phase  of  the  peridotitc.  They  contain  b-tli  augite  and 
olivine  in  varying  proportion,  sometiir.es  the  one  and  .sometimes  tb. 
other  b.iuu'  in  ex.-,,-.  liiotitc  is  aUva.vs  present,  but  in  very  limited 
,„„.,„„,  .    and  tlu    iron  ores  mugncti.'  and  .•hromite.  arc  either  inter- 
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*f.,al   ..,    alon^r   h,,,-,   -t   .ItcnUHm  ..r  .h-i..,,.:,-.,,.     Ser,...nlim.  and 
.iuaCT.-*ne    are    th-    ait^rati-.n    ,,r^,„.fs.       !■>,„,.    ,h,.,r    ,„,Htit„Pnf. 
'Iiese  i;.vk»-^  would  he  flussed  af  picrites. 

rhen>ic-Bl  anaiy..--  „t  ,w„  -a.,.,.l,.s  „f  p.-k  tr-n,  ,his  fonnation 
are  given  below.  X,,.  1  w,-  -  ,l|,.,.„..l  |,y  tli.  author  and  anulv^H 
Kv  M.  f.  Connor  in  the  laboratory  „i  the  Mine,  Branch.  Xo  2 
»,-.«.  collectwl  1,-  Prof.  .1.  F.  Kemp,  and  the  analysis  is  i,y  W.  F. 
IIilW,rand.  mad-  in  tl.o  laboratorr  of  the  Fnited  Stut.^  ( iwdopical 
Survey  Xo.  2  ,,  ,,„I,li,l„.d  in  Riill.-tin  lij;!  of  tlif  r„i„.d  Stntt-. 
( ieolin^ioal   Sun-py. 

Sainid*'  Xo.  1  wa^i  taken  from  a  p(,iiit  near  the  .~  i;,;mit  of 
Hlivin-    iiioiiiitain.    while   Xo.   i'   was   taken   from    Katrle  rreek   nt    a 

■  li-tan.-e  ..f  alMMit  J.oini  feet  vertically  below  .Vo.  1.  Kach  of  these 
nnalvs.-s  is  r.-oalcuuit.-<l  water  frw.  Th-  third  anuly-is  is  that  ,.f 
an    averajro   diinite.   (he   Hjriires    boinir   taken    fr.,m    Daly's    paper  on 

■  Averajre  Chemical  Composition  of  Ifmeoiia   Uoek  Types." 
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According   to   the   Quantitative  Classification   of   igneous   rocks, 
each  of  the  Tulameeu  samples   A-ould  be  classed  as  dunose. 
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Sample  >'■■  2  is  .lescribed  by  Kemp  as  a  rook  containing  oli- 
vine, serpt-nt.  t,  und  iron  ore;  the  olivine  having  only  partly  gone 
to  spriH-ntinc  and  occurrin}?  at  rounded  grains  or  kernels  separated 
by  narrow  bands  of  serpentine.  The  thin  section  of  No.  1.  however, 
shows  nothint;  but  serpentine  and  iron  re.  the  olivine  having  been 
completely  altered  by  the  addition  of  water.  If,  however,  we 
oliminaU>  the  water  and  recalculate  botl.  the  analv  ;-s  to  100  i-r 
cent,  the  resulting  figures  are  almost  identical  except  for  a  difTer- 
,.nce'  of  about  one  per  cent  in  the  silica  and  magnesia  content. 
Allowing  for  a  probable  loss  of  iron  and  loss  of  magnesia  in  the 
change  from  iH>ridotite  to  serpentine,  these  figures  ^Ive  an  approxi- 
mation to  the  composition  of  the  original  peridotite  and  show  it  to 
have  been  con.i>osed  of  almost  pure  olivine,  comparable  to  certain 
olivines  froii:  Vesuvius  that  have  been  analysed  and  tabulated  in 
Ihma's  System  of  Mineralogy.' 

The  unifor'mity  of  the  two  analyses  when  recalculated  water 
free  is  very  striking,  even  though  the  two  samples  were  .  .ken  at  a 
distance  of  over  a  mile  apart  and  with  a  difference  it.  elevation  of 
about  2,500  feet  between  them.  They  suggest  a  rem.irkable  homo- 
geneity in  the  chciv.ical  composition  of  the  main  body  of  the 
peridotite  formation. 

METAMORPHISM. 

There  is  a  tendency  inherent  to  all  peridotite  bodies  to  become 
metamorphosed  to  serpentine,  and  the  Tulameen  peridotite  iS  no 
exception  to  this  general  rule.  Virtually  the  whole  formation 
shows  this  metamorphism  to  a  greater  or  less  extent.  It  is  rare  to 
find  peridotite  in  this  body,  that  is  composed  of  entirely  fresh  oli- 
vine, though  it  does  occasionally  happen.  In  the  early  stages  of 
the  progress  of  metamorphism  from  olivine  to  serpentine  it'C  a'.tera- 
lion  begins  along  a  number  of  irregular  lines  which  traverse  the 
mass  of  olivine  in  all  directions.  The  metamorphism  a.lvances 
inward  from  these  lines  into  the  olivine,  and  in  a  more  advanced 
siagi.  the  o'ivir,.  appears  as  small  roundcsd  kernels  separated  fr^^m 
each  other  by  bands  of  serpentine.  The  final  stage  in  the  serpen- 
tinization  of  peri.lotite  is  the  complete  disappearance  of  the  olivine, 
leaving  only  a  dru»y  mat  of  small  serpentine  fibres. 

I  Uin;i'n  System  of  Mineriil.«y.  PiW  *53,  Nfa.  «  and  IJ. 
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I'll-  priiM-ipul  rfsull  i.ro.lu.'4'.l  in  siriHiiliiu/uti..,,  m  ,i„  i,,,,-.  ....• 
Ill  'b.  p.  rcvntasre  of  water  in  the  r.«.-k  until  ir  K-aci.u*  a  muxin.uiii 
«t  ai..,.it  K.  iHT  cut.  A.-.-„...|,unyiiiK  tlii-  i-*  i-  .l.^-lit  d.vreas.'  in 
tht!  rmportiun  of  ir..i.  i>r..|  MugiuWia.  Tlie  vulunie  ..f  tlio  ro-k  aUu 
ill!  ri-:i«i--. 

'Iliu  .-aiKse  „f  thf  ii:i.taiii.,rplii,ii,  „(  p,.ri,lntit,.  l.y  sorpMliniza- 
>'«.n  i.-  iiMt  .-learly  .i„.it.rHt.M„l.  nn.!  has  l,e,.„  attril,„t..l  l,v  v„ri„i,. 
wnhM  i.itlMT  to  <ho  .•..,if„,.t  otr..,-t  ..!  i^-ne-n.  inlrusioris  or  to  ll,.. 
a  ti,.n  ol  ..•irriilatii^f  .surface  wufor.-.  Wliatov.  r  tlw  pri„,arv  .■a,i.,.. 
s.T|«ntinizatio.i  appears  to  he  n  r.».ult  of  the  passage  of  tiiiio.  for 
thu  oI.Ut  the  pori.h.fii,.  th..  ,.,on.  l,K,|v  it  ,.  „,  l,av..  l,,.,..,,,,,.  nlt'or-d 
I"  -crpontinc. 

AUer  M-rpi-iMiuizalion   ha,  lukni   plan.   i|„.  Inromti,,,,  ol   a-hrs- 
tos  veins  nft.-ti  l<.ilo,v.  i„  the  ^orp,.ntinizt-a  amm;    in  fact  a,bc.-itoa 
1-^  (•uiisi.k.rc.i    I,.  I„.  m,.r,.i-    a  .rystallin..   form   of  serpentine.      The 
"■<iii>  in  Mi:all   narrow  veiiiN  les,  than  half  an  inch  wide. 


a-iU'sto, 
and  ha^ 


a  ■'ilkv.  silvery  lustre.  The  tihre  in  the  vcin.^^  js  delicate 
and  ll..xil.i.-.  ni.j  run.,  alway>  at  rijrht  ai.^lw  In  the  leiiKth  of  the 
vein. 

Atmospheric  weathering  takes  place  ...  th.-  outer  e-lpe  of  the 
serii.nt'ine  to  a  depth  of  ,,iic  inch  „r  h-s^.  1  h,.  e.,iour  ..f  this  outer 
shell  is  either  dun  or  l.lui,li-«rey.  and  tia-  thin  section  ,liows  it  to 
consist  of  serpentine,  carbonate  of  nia«iu>ia,  and  irrai-s  of  iron  ore. 
In  certain  place.*  alonj;  zones  of  sheurinif  llie  ultei  ition  kocs  deeper 
and  is  more  extreme,  so  that  the  rcMilt  is  a  soft  friable  mass  of 
inajfiiesite  and  scales  of  mica  wh'icli  break  down  readily  to  a  fine 
du-t. 


sIHli  II  KM.    m.l.xrioN-, 

liilrnnil.  A  -iaucc  at  the  j-'coloifical  map  of  .|ie  di-lrict  will 
show  that  ilj..-  peri.lotite  formation  occupies  one  of  the  hiRhesr 
points  in  the  whole  area.  This  is  dun  wholly  to  f|„..  rasistance  ot 
the  pcridotite  to  afiiiosphcric  wcatheriiii,',  for  ...    (, 

the  surroiindinfr  s..inimits,  which  are  all  .i   ..il 

iormations,  are  considerably  lower  in  eleva,^,. 

In  outline,  however,  the  peridotite  rarely  tortus  cl;:s  of  sliiuj., 
iiittinsr  points  of  rm'k,  thouph  its  slopes  are  all  'airly  si,,.,,.    At.,,   . 
pheric   .it.',.rici,.<    appear   to   attack,   equally,   all   e:,.--  -d     url',."c     .  < 


ed   tlKit 
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■\w  rix'k,  iinxlii.-iiiK  r..iin  Ic'l  Miifliiift  to  all  .iiii.r>ip».  An  fxiiiiiplf 
■he  rt-iiltiilit  form*  i*  Im-'ITimI  on  IMatr  XI.  \V.-uthiTin»r  only 
ni.-n<l«  B  liniite<l  ili»tiii><-.-  into  tin-  nx-U.  uii<i  <lii~  w.atli.To.l  siirfHi* 
luM  ii^  a  blunkft  to  tli--  'i.'ih  rm'k  un.l.rmuili.  |.|..i.'.!.rifc'  it  fn -.ii 
fiirth.  r  rroBiou.  Tho  vnathtTc"!  ^urfiirc  ofti  ii  ^ll.•lU  "tT  on  »uvv 
-lufx'*  niid  for.:!  a  tains  of  itinnii,  -hiily  fruKim-nl-  \:«u>'  •lot.L.'h.'d 
lilc.cku  I'S  thi?   iormution  arc  n.r  oon  iiion 

Tho  i»-ri«lotitB  w  vor>'  n'<i>li"iit  iiUo  lo  ilyiiiuiiii-  L.rww,  and 
ilthoii*:!!  til.  formation  niii-l  luiv  •  |.a,-.:-(.d  rlinuutli  iN-riod^  of  (li«- 
tiirlpaniT,  greut  enoiinh  t  •  |irodiiiv  -.liiLriutf  and  -lii-t  -ily  in  rnck» 
of  ..tliiT  furmatii.iis.  it  ixurs  littU'  rvi,l.-nc.'  ot  ili.  ..  .li*turbanc«i. 
Ni  -ilii-tto-«o  sTiiclurp  i*  I'vor  nppiifont  in  it.  iin«l  linp*  of  fruot.nr* 
or  ^lenrinv'  an-  not  frr-iiu-nt.  Sioh  lin.-  -f  Iraolon-  h-  w.  r.>  nr.t»-.l 
liaVL-  a  Rem-ral  east  and  writ  trund.  Sonu;  pi.Tolitr  and  radiating 
i.iiniil.^  of  ampiiiliok-  are  fonn.l  in  tlir  ^roinn-  plan.-*.  Asbwlo* 
voin,  of  grnall  size  apiHMf  to  favour  /.ones  ..l  .^li.arinif  or  pln''c» 
wliri,>  there  have  locn  minor  '  ^locations. 

In  si'veral  places  the  iwridotitc  lias  the  ap(»Mrao.'.'  ■•<  havm^r 
kt-n  i  1  ■•i-iatcd.  Closer  examination  ~liows,  h..«o\.r.  that  tin- 
itruetnre  in  not  exaetly  that  of  breci'iation.  but  tliat  the  effeol  \* 
■roduoed  by  alteration  .d  th.  nx-k  to  «,  rpentim-  uloiiit  irregular 
cracks,  ''le  alforafion  liavinff  procecdc-l  only  so  far  a4  to  leave 
k.rnols  ...  peri.lotitc.  like  imln.Hon^.  in  a  nnitrix  ..f  terpentine. 
The  effeet  on  a  lari:e  -  ale  is.  similar  to  that  -.-.-n  in  .letail  in  a  thin 
section  of  p  irtly  #erp.  ntinized  peridotite. 

Kifferenriation,  a.-i  a  -trnctoral  elemei,!  »i  the  peri.lotitc,  i*  not 
a  very  pronounced  i.atnre  of  tin;  rnani  c.  ntral  portion  of  tho  forma- 
tion. On;ittinK  f'T  the  pret-enl  the  border  faei<»^.  where  differentia- 
tion is  imdoubtudly  i  -'ronff  factor  in  producing  the  .-hange  from 
IK>ridotite  to  pyroxcnite.  ..nd  .-ousiderii.n  only  the  central  portion 
of  the  formation,  the  <.nly  evidence  ;  .litTorentiati.ui  we  tind  are 
the  sesregated  veins  and  !:,a»ses  ot  chroinite.  The.«e  segreRationo 
of  clir..m;te  o,.ciir  n.  the  p.^riilorit.-  alouit  certain  .-i.t  an  I  we-l  /..nes. 
where  the  ro.-k  is  more  or  Ick-  altered  to  '-.rpentine.  The  ve'ns  are 
«hort  and  i  :,>.Milar.  and  vary  in  width  fr  m  a  fra<  !i..n  ,,i  an  inch 
up  t.  an  inch,  «hile  the  masc.  ^  «f  eliromito  are  rarely  a-  large  u.4 
i;  inch,  ill  diaii.t.r.  l'lir..nii!e  aUo  appear-  in  -uiall  di- -iciinated 
crv.-tal-    in    tli.     iiias-ive    peri.lotitc    and    not    connectod     with     any 


1 1  i.AMt  I  \    i.i»i  in.  r.   ».  (• 


.'>7 


■v.t,..,.  ,  '.    Ira-.nnuK.      I,.  „r,,.,„   i.  ,,„„(„,,..,   .,„  ,|,,^  ,,,  ,,_^^  ^  ^.  ^^^^ 

'"T"""  '"    ""■  "^■^'""•""••-   """    '■   • >    H    '-   ..   .I.ff..n.„,i.ti,.n 

i"''l'"  f  "f  tl,.    „„.|,,.„  r.,..k   in  th,    |„„.-,-  „t |i„j,. 

1-  ■M.p.Mr.  ...  U.  «..n,.,..!lv  ,r„..  .„  ,.,„„„.„..  ,.,,;„.  ,l,„ri..t.. 
"""  '"  "  My  ,„■  pori,l„ti,..  ,l,e  ..hnunite  .^«r.-«a.,„„.,  ,,.•  lar^or 
"'■'I  ...or.-  ..l.un.lM,..  ,„„.,p|,  „„.  ,„„.„  ...i^,,  ,„.  „_„  ^,^,^  ^,^^_^  ^1^^^ 
..re  ...  tl...  cn.lr;.!  ,.„r,.  S,.,|i..„,„  ..,.,,.,,,,.  ,,„,  ,„„  ,,|,,^.^_^  ^  ^;^ 
.U-..n,Mn..  «|„.t|,.r  „r  ,.,„  ,h,-  i,  .,|,..  „„..  ,,  „,..  „,,...  „,.  „^^.  .,.^_,^ 

...ft-..  .■Mr..n,„. ,  l.ut  ...Kr..Ka.u f  ,),i,  „  i„.rnl  «..,•„  found  in  uU 

pi.rt.4  ol  tlio  iK.ruJ.nito  L„,ly. 

It  .«  a  staten.fnl  w.,nl.   making,   un.i   it    i.   U.rno   .,ut   by   th.- 
.•x,.t.ra.n.v  of   all    .l,....o   ulw,   huv-   b,...,.   ..„«u«,..l    n,    ,1„     -..an-b    f„r 

^  at.nun.   ,„   .b.  »oiid   r„.k   of  tb„  .i,„ri,.,.   ,ba n,  an.l  n.u.-cw 

..  .bron.,..,  K..Mcraliy  ..onuin  a  h.^h.T  „..m.n,««..  „,  plu,i„,.n> 
.1.....  the  nm.Mvc.  ,a.ri,|,„i„..  wbi..).  ,1.,,.,  n...  sb,.«-  anv  ..br,.n.i.c- 
fhH  seem,  to  .bow  tbat.  al.b„u^b  pbu.nmn  .nay  fr..„u.n.lv  .ni«ru.o 
m  Hulufon  lik.  o.bcT  n.Hai,  a  „.ay  aUo  b..  a  ,.r.,d,K-.  „f  mu^n,,,;, 
.frerent.at.on  un.i  b.  f„un.l  a.  ..Kr.«ation,  in  ..ori.bxi.o  like  tb- 
tnrumite. 

Tbi»  forn.ati.,n    U   uu.loubt-dly   tbe  oriRinal   bona-  of  tbi-  ,,b.ti- 
.......  wbiob  i.  now  foun.i  in  tb.  pla-^ers  of  .trea.n*  wbieb  ,raver,e 

.t.  (.beinual  ...t^  hav.  ,,r.,ve<l  tbut  it  exi.t.  in  varj-inK-  uuantity 
I".  tl.o  ptTidotito.  «n.l  U,i.li.,  iK-inK  actually  f.,un.l  „.  tbe  binab,-  „f 
-hromito,  it  also  o.'i-ur.  in  ibe  small  pi.rite  dj-kos  wbiob  .■„,  ,bi- 
lormut.on  and  bave  probably  ..riginate.!  from  the  samo  maK.na. 

On  tbt.  outor  border  of  tbe  iwri.iotite  fornmti.m  variation,  in 
tbe  n.ineral  constituent.,  enter  wbich  are  considered  to  be  the  r,.su]t 
of  differentiation  .lui^intr  eooIinK.  In  p..ssi„K  outward  fr..n,  fbe 
typical  pendotite  towar.U  tbe  pyroxenite.  wbicb  always  bonlers  the 
peridotite,  tbe  first  indication  of  the  change  is  the  pr,  ,..„..e  of 
«..gite  in  large  glistening  c-rystals  in  a  groun.l  of  olivine.  (Joinn 
farther  outwar.1  tbe  augite  increa..eg  in  quantity  while  tbe  ..livine 
.i.Mrea*.es,  until  tbe  latter  is  absent  altogether  and  tbe  rock  coD.ains 
.K.thing  but  augite  and  bewmes  the  typi.al  pyroxenite.  Xhi". 
■  hange  is  ..karly  tlie  result  of  .litrereiitialion  during  cooling,  an.l 
tl...  pro,.,.ss  will  I,..  referr.-.l  to  a^rain  in  ,l,M.„ssion  of  th-  „rigin  „f 
th«-  two  formations  involved. 
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ExInnal^Jhe  peridotite  formation   is  not  found  in   contact 
,.i,h  anv  ionr.ution  other  than  the  pyroxonite.     Its  rolatu.ns  to  the 
pvroxcni.o  .re  clearly  shown  in  a  number  of  pood  exposures.     On 
Ihe  oontae,.   of   ihe  main   bo.lie.   of   the   two  tornuU.ons  w.th  e     h 
other,  there   i.   always   a  .-ra-lual   transition  Uom  one  'ock  _  o  ti.e 
other,  showh,g  that  they  are  virtually  contemporaneous  .n    m.e  o 
intrusion.       On  the  slopes  of  Olivine  mountain,  -lykes   au.l  sm.U 
Ttrin^^^B   of   oHvine-be.-.in.   pyro.enite   were  found   traversing  the 
peridotite.     On  th.  other  nand.  at  two  other  ..unt.  >n  t^- !'>; --  ! 
,ot  far  from  the  peridotit.,  dykes  of  peridotUe  were  foun,l  ;■  .tfn 
,he  pvroxenite.   and   .n   these  dvkes   there  were  .nail   uulusn^n^   o 
pvroxenite.     This   apain    indicates   a  contemporaneity   m  time  ot 
intrusion,  so  that  any  data  bearin.     n  the  relations  of  the  pyroxen  te 
to  formations  other  than  the  perid.tite  would  apply  to  the  peru  o- 
tite  fonnation   also.     The  date  of  the  intrusion  of  the  pyroxen  te 
i.  placed  between  that  of  the  Boulder  granite  and  the  aug.te  syen, te. 
Both  on  Ea.le  creek  and  on  Tulameen  river  narrow  dykes  of  pa  r.e 
..„„H  nh.  both    olivine    and    au.ite,    were    found    mtrus.ve    :nto 
th       cWts    of    the    Tulameen    .roup.    These    dyke,    are    presum- 
ably  apophyses  from   the  main   body   of  the  peridot.te-pyroxenUe 

^"■^^On  the  east  of  Eagle  creek  about  half  a  mile  above  it^  mouth, 
a   dvke   of   hornblende   lamprophyre   outs   the  poridotite.     Near   the 
same  point  the  peridotite  is  cut  by  a  narrow  cp.artz  vem  which  run 
Tstwl   towards  the   ceek    and   gradually   changes   to   a   granU 
porphyrj'  showing  phenocrysts  of  biot.te  m  the  quart..    Is  fu  ther 
;.^tensio^.  towards  ,he  border  of  the  peridotite  was  covered  by  dr,lt. 
at  a  -listance  of  about  half  a  mile  from  the  Eagle  grauod.onte  con- 
tact    If  this  quartz  vein  and  granite  porphyry  are  connected  w.th  the 
Eagle  granodiorite-as  seems  likely-it  fixes  the  relative  ages  <^  the.^ 
,w!  forn.ations  as  well   as  that   of   the   pyroxenite.  and  makes  the 
Eagle  granodiorite  later  in  time  of  intrusion. 

OUIC.IN    .^NU   ACJE. 

The  origin  and  age  of  the  peridotite  are  so  closely  associated 
with  those  of  the  pyroxenite  that  the  discussion  of  these  features 
is  deferral  to  a  later  section  of  the  report  dealing  with  that  forma- 
tion. 
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Pyroxenite. 

bisTiiim  no.-;. 

The  pyroxenite  occur-  in  -ne  tairly  large  u.uss  an.l  n.  a  number 
of  inialler  bodies.  The  main  bo.iy  lit«  in  the  bouhwe^t,  portion  of 
the  area,  and  extends  from  Cirassliopper  mountain  southeast  to 
Lodestone  mountain  and  k-yond  that,  iu  the  same  direction,  for  an 
unknown  distance  outside  tlie  liiaits  of  the  ar,M  mapped.  It  is  an 
irregular  stock-like  body  liaving  a  length  of  at  lca=t  7  miles  and  a 
very  variable  width.  It  completely  encloses  the  two  bodies  of  peri- 
dotite,  and,  exclusive  of  those,  has  an  area  within  the  map  >lie..|  .,i' 
nearly  1:2  square  miles.  It  forms  snme  of  the  hii;li,»it  land  iu  tho 
whole  district,  and  its  surface  is  rnuso<|uently  gcn.-rally  w.  '    .  \|Hi.-ed. 

Smaller  bodies  of  pyr.ixenite  outcrop  on  Ilcnnins  mountain  at 
the  head  of  Bear  creek,  at  the  forks  of  Bear  creek,  and  on  the  trail 
running  from  Slats  creek  to  Olivine  mountain  and  on  that  running 
from  Cedar  creek  to  Lodestone.  The  two  bodies  on  Bear  creek  are 
simply  large  dykes,  and  their  outline  has  been  closely  defined.  Hi,- 
two  bodies  on  the  south  side  of  the  Tulameen  river  are  of  unknown 
extent,  and  their  boundaries  on  the  geological  map  have  been 
roughly  sketched  in  from  the  three  or  four  outcrops  that  are 
exposed  through  the  drift. 


Liriii>i.o(iv. 

The  pyroxenite  formation  is  not  always  uniform  in  character 
throughout,  but  shows  some  variations  both  in  composition  and  in 
texture.  The  variations  in  textiire  are  due  to  the  varying  size  of 
the  pyroxene  constituent;  while  in  composition  the  tw,i  main 
factors  which  enter  and  tend  to  produce  variations  are  the  magmitic 
s(<gregations  and  the  presence  of  some  feldspar  on  the  outer  edges 
of  the  formation.  On  the  peridotite  contacts  son:e  olivine  enters, 
but  as  soon  as  this  mineral  becomes  an  essential  constituent  the 
rock  is  mapped  as  belonging  to  the  peridotite  formation. 

In  the  hand  specimen  the  normal  variety  of  pyroxenite  is  a 
black  or  dark  green  rock  containing  only  two  visible  constituents — 
augite  aiid  magnetite.  The  augite  is  generally  large  and  often 
shcvs  crystal  faces  2  inches  by  \  inches  in  size.  The  colour  of 
the  augite  controls  the  colour  of  the  roi'k,  and  is  t  itlier  a  verv  dark 
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pri'i'ii  iir  a  Kli~'<'iiiiij<  iihu-k.  .Mii^iiftitc  i*  >ieneriill.v  in  small  orystals 
liiit  iitttii  occurs  In  niui<?  m:i*?ivc  lenses  or  tmiiciioj.  Xo  olivine  is 
visible  f.\c(i)t  on  ihe  contact  m   tlic  jicridotito  forn;ation. 

Quariz  was  not'.ced  in  one  place  in  the  pyroxiiiite  in  the  bed 
of  the  Tulanieen  river,  where  it  upiiears  us  larKe,  coarse  crystals 
tilling  or  partly  filling  cavities  in  the  reck. 

Biotite  'is  occasionally  present,  and  the  accessory  constituents 
visible  to  the  iinaideil  eye  are  pyrite,  chalcopyrite,  and  some  pyro- 
lusite.  The  last  mineral  appears  in  shear  zones  and  quartz  veins 
in  the  pyroxenite,  wliile  the  copper  and  iron  sulphides  are  either 
disseminated  through  the  rock  cr  apiK^ir  in  minute  fracture  planes 
and  in  the  larger  shear  zones. 

The  augite  alters  readil>  to  hornblende,  and  where  squeezed 
develops  into  a  hornblende  schist.  A  further  alteration  along  line» 
of  dislocation  produces  a  coarse  brittle  asbestos. 

The  pyroxenite  is  cut  by  coarse  jiegmatite  dykes  of  hornlilemle. 
and  by  quartz  and  ealcite  veins.  The  veins  arc  occasionally 
mineralized,  but  have  not  been  proved  to  contain  any  of  the  precious 
metals  in  paying  tpiantity. 

When  view(Hl  in  the  thin  section  the  most  abundant  and  often 
the  only  essential  constituent  of  the  pyroxenite  is  augite.  Th'is 
mineral  is  light  coloured  and  occurs  in  large  crystals  which  gener- 
ally show  a  well  developed  rectangiilar  cleavage.  Its  extinction 
angle  is  high,  and  it  often  contains  many  inclusions.  There  is 
always  a  strong  tendency  in  the  augite  to  alter  to  hornblende  and 
later  to  chlorite  or  serpentine,  in  the  process  of  alteration  the 
rectangular  cleavage  becomes  obscured,  and  there  is  a  development 
throughout  the  mineral  of  small  tablets  of  biotite  and  crystals  of 
magnetite  symmetrically  arranged  with  relation  to  the  cleavage. 

Hornblende  is  occasionally  iin  original  mineral,  but  is  in  the 
majority  of  cu.ses  sceomiary  from  au^ito.  Some  sections  show 
large  crystals  of  enstatite  or  hypersthene  which  give  a  parallel 
extinction  between  crossed  nicols.  Olivine  as  an  accessory  consti- 
tuent is  pre  '.nly  in  those  samples  taken  from  near  the  border 
of  the  per'ici  .  ,.  Some  feldspars  are  found  in  the  pyroxenite  near 
its  outer  border,  marking  a  transition  to  augite  syenite. 

Besides  augite,  magnetite  is  the  most  persistent  and  prevailing 
constituent  of  the  pyroxenite.     Its  typical  form  is  as  massive  segre- 
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«:.itio,i:i  thr..u>;h  tlio  pyruN,.,,,!,..  1,  ..fl,,,  till-  nt.r-ti.v,  („•!  ,,.„ 
the  augito  crystals.  It  Appears  also  in  si„al!  crystals  svi,„n,.rri.- illv 
arraiiKod  throujrhout  the  augito,  wlion  that  n:ir„.rnl  is  altorins  t- 
honihlen.ie,  or  again  as  irro^ilar  grains  fnllov.inp  .lefinite  lin,~s  ,.,■ 
altoration  in  the  rock.  In  its  missive  form  it  hoMs  im-]ua\ou.  nf 
^.  h.plily  refracting  trreenish  n:ine'al  which  is  probiil.ly  one  of  th.' 
spinels. 

Small  veinlets  of  oaloite  or  of  serpentine  often  trav.Tse  tl,.' 
sections.  The  a.x-essory  minerals  hesi,!,^  thos,.  already  nicntionod 
are  titanite  and  some  sulphides. 

A  r'efeTuatite  phase  of  the  pyro.xenite  which  is  classed  as  a  horn- 
Idenditc  dyke,  cuts  the  pyr..x."nito  on  the  ridpo  south  of  Olivine 
mountain.  The  dyke  is  alM.iit  2  f,-et  ui,l,.  and  in  the  hnn.l  speri,,,,.,, 
shows  only  very  large  hornblon<ies,  with  cleavage  running  across 
the  strike  of  the  dyke,  and  containing  small  inclusions  of  magne- 
tite. The  thin  sec-tion  of  this  shows  dark  green  iirimary  hornblende, 
with  an  extinction  angle  of  about  20",  cah'ite,  magnetite,  and  some 
fitanite  and  olivine.  The  cal.dte  appears  to  be  secondare-.  The 
magnetite  is  both  interstitial  and  in  crystalline  individuals  and  is 
usually  bordered  by  grains  of  titaiiite. 

A  sample  of  pyroxenit,-  taken  from  the  sun:mi  of  the  ridge 
south  of  Olivine  mountain  was  analysed  by  Af.  F.  fonnor  in  the 
laboratory  of  the  Minos  Branch.  The  thin  section  of  this  shows 
much  light  coIouixhI  augite,  a  little  original  green  hornblende,  and 
interstitial  magnetite.  The  augitos  contain  manv  inclusions  of 
magnetite,  and  brown  magnetite,  symmetrically  ni-raiised.  marking 
an  alteration  of  the  augito  to  secondare-  horiiblen. 

The  following  is  the  ehemical  analv<is: 
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Cal.-ulati.iR  this  ai'.ulvsis  a  -onlinK  t..  tho  (iuiinlitutivo 
Cl:i!.si'i<iitioii,  the  ro.'k  is  tiiuiid  tn  lall  into  a  sparo  in  the  tables 
t(.  whi.-h  no  name  has  hoon  as^itrn.-.l.  Afn.r.linB  to  this  classifica- 
tion tl>e  rock  bolonKs  to  tho  Ranu'  toxa-^e.  of  tho  Order  Scotare  .>f 
the  Class  Pofwraiie.  It  is  also  cah'innric  nn<l  doma|rr.osic.  After 
consultinK  with  I'rof.  L.  V.  Pirssoii.  one  of  tho  authors  of  this 
rlassitl<-ation,  the;  nanio  tiilamoso  is  proposeil  for  thia  rock,  taking 
the  root  'tiilam'  from  the  district  in  which  tho  rock  is  found. 

MKTAMuliClIIsM. 

When  examined  broailly  the  pyroxenite  does  not  exhibit  any 
strongly  n:nrked  features  that  art-  attributable  to  nietamorphosinsr 
afrencies.  Kven  on  the  outcrop  it  generally  has  a  fresh  appearance, 
and  only  when  eNaniine<l  under  the  microscope  do  we  tind  evidences 
of  inetaniorphism  in  the  alteration  of  tlie  pyroxene  to  hornblende. 
In  advanced  stages  of  tiiis  n-.etaniorphisni  the  hornblende  alters  to 
chlorite  aad  also  to  serpontine.  The  dev-elopineiit  of  biotite  and 
small  p-ains  of  iron  ore  usually  accompanies  this  ehanso.  Alona 
lines  of  dislocation  a  coarse,  l^rittle  variety  of  asbestos  also  fre- 
■quently  results.  Bunches  of  radiating  green  epidote  associated 
with  calcito  are  other  ovidoneas  of  local  motamorphism. 

Small,  sheet-like  apophyses,  which  have  enuuiated  from  the 
main  mass  of  ].yro.\cnit<'  and  been  thrust  into  tho  be<lding  pianos 
of  the  rocks  of  the  Tulameen  group,  have  been  involved  in  the  same 
disturbances  which  those  rocks  have  gone  thvougli,  and  nietamor 
phosed  to  hornblende  and  chlorite  schists. 


STRIXTUR-U,   RELATIONS. 

Internal. — Like  the  peridotite,  the  pyroxenite  formation  gives 
little  indication  of  having  been  subjected  to  dynamic  forces,  such 
as  produce  faulting,  shearing,  schistosity,  or  brecciation.  Alonir 
certain  north  and  south  lines,  however,  where  shearing  has  been 
somewhat  effective,  we  frequently  find  a  hornblendj  schist  developed 
for  p,  few  feet.  Large  biotites  and  chlorite  sheets  also  often  occur 
in  these  shear  zones.  An  analogous  structure  is  developed  in  sn  all 
apophyses  from  the  pyroxenite.  which  have  been  thrust  as  sh.>ets 
into  tne  planes  of  bedding  of  the  rocks  of  the  Tulameen  series. 
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■^1.kIi'.1.v  „.,.„.>-;,I,...,I  ,,u:.r./  v.in,  ,„.,■„, ,y  tl,.-,.  ^I,..,..-  .„no^  i„ 
...10  or  two  plu.'is.  an.l  the.-,,  ure  u.^^„ciatl■.l  U'ith  a  ni.tnbor  of  -,nall 
culcite  struiKiTs  forininM-  •-  .L'twork  „f  Wam-hluw  vri,,-,  [„  „„.l, 
ai^es  the  ,i„«rl/  v..i„s  l.el.,„K  •„  u  later  „.mm...1  of  f,  r,n:Uio„  than 
the  calcite  veins  and  always  cut  them. 

In  the  streams  where  the  (..vroxenito  i.   water  w..rn,   it  form* 
a  smooth,  slippery  siirf.iee  which   is   not  favoiirahl.>  as  a   l,e,|-r,,.-k 
for  gold  an.l  pla.inum   t.la.'crs.     I„  su.'h  phi.'es  Icr^^e.  ,le,.p.  water 
worn  pot-holes  are  of  <'omnK.n  oe.-iirrence. 

One  of  the  principal  feature-  whieli  mark  a  .-luiii^..  in  the 
internal  structure  of  the  p.vru.xenite.  is  ,iue  t..  dih;  rentiation  in 
the  magina  hoU.tv  c.mplete  solidili.-ation.  The  efTect  of  such  differ- 
entiation is  nnticeahle  in  scpn  ;;alion..  here  and  there,  of  magne- 
tite through  tlie  n:a.-s  of  the  r-.ck.  and  in  tlic  f..nnati.in  o'"  an  .  ■  id 
zone  at  many  places  alonjr  its  outer  border. 

While  it  would  ho  almost  impossiWo  to  obtain  u  i.v.nph  of 
pyro-xeuite  that  did  not  sh.,w  .some  magnetite,  it  frequently  happen. 
that  over  considerable  areas  the  ma^nietite  is  quite  as  abundant  a 
constituent  as  the  a.ifrite.  Again,  in  the  ca-c  of  short,  irrc-  l;ir  v.^in- 
and  in  bunches  .!  or  S  inches  in  diameter  the  ma-netit,.  is  some- 
times almost  pure.  The  occurrence  in  this  ca<e  is  analogous  to 
that  of  chromile  iti  the  perid..ti'te. 

In  doscu.-^sing  the  internal  structural  r.dati.nis  of  the  peridot ite 
It  was  stato.1  that  this  forn:atiou  pa-sd  by  a  gra.lual  transition 
into  pyro.xcnitc,  and  it  is  bolieved  that  tho  transitloa  .au«  be 
attributed  solely  to  ditferentiation.  In  the  sam,.  way  it  was  noted 
in  the  field  that  in  one  or  two  places  tiie  pyro.xeniu-  pas^,..!  gradu- 
ally into  a  ro-.-k  which  was  classed  as  augiie  .^yenito.  This  change 
IS  brought  about  by  the  introduction  of  fel.Upar  into  the  pyro.xonitt 
along  its  outer  borders,  and  here  also  differentiation  in  tlie  magma 
during  cooling  is  believed  to  be  the  i.rinui.y  cause  of  such  .i  .diange. 
i'o  a  very  limited  o.xtent  breooiati on  has  taken  place  in  the 
pyro.xenite  on  its  contact  with  the  ro.-k-  of  the  Tulameen  group. 
An  example  of  this  appears  in  the  b«l  ef  the  Tulanuen  river  above 
Eagle  creek,  wliere  angular  fragTiients  of  pyroxenite  are  reeenientod 
togcihor  by  a  rock  of  the  same  composition.  This  result  was 
brought  al>out,  doubriess.  at  die  tine  of  intrusion,  when,  the  outer 
border  of  the  pyroxenite  having  coole.l  and  .-oli.iitied.  it  was  broken 
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iiilo  Irugiiiciit^  unil  tlu-r  trii(rii  oiii-  witc  riHfiiuiiU'.l  l.y  liqwiJ  rofk 
from  tlie  ocntral  ixjrtioii  »{  the  i.jrcixinite  body. 

Externa!  -  -The  relative  position  oocupiod  by  the  pyroxenite 
formation  in  the  geolopicul  colimin  of  tlie  distvicl  \*  very  well  fixed 
except  in  its  relation  to  the  Boulder  granite  formation.  WoU 
exposed  contnct^^  have  been  oliiiiiiied  i)etweeii  this  formation  and 
the  Tulameen  group,  the  i)eridntite,  and  the  augite  syenite.  Suffi- 
cient evidence  also,  of  its  relation  to  the  Euglc  granite  has  b.HMi 
obtained  to  fix  the  relative  position  of  these  two  formations. 

In  Bear  Creek  basin  two  well  exposed,  dyki-like  bodir-  ,.t' 
pyroxenite  have  been  found  intrusive  into  the  rooks  of  the  Tula- 
meen group.  For  several  niil<>9.  also,  on  either  side  of  its  main  binly 
the  pyroxenite  is  in  dire<?t  contact  with  the  same  rocks.  Thi» 
contact  very  often  shows  a  zone  of  brocciation  with  fragments  of 
the  rocks  of  the  Tulameen  group  lying  in  a  matrix  of  pyroxenitp. 
In  the  outer  portion  of  this  zone  of  brecciation  the  fragments  are 
numerous  and  angular,  but  in  the  main  part  of  the  zone  they  are  Ifss 
abundant  and  .ounded  in  appearance,  as  if  they  had  been  partly  f.sed 
by  the  heat  of  the  intrusive.  Some  mineralization  by  copper  and  iron 
Siulphides  has  taken  place  in  this  zone;  and  the  usual  contact 
phenomena  are  also  preseoit,  garnet,  epidote,  hornblende,  and  caleite 
and  some  quartz  being  developed  in  the  intruded  rock.  Apophyses 
of  pyroxerlte,  or  what  was  originally  pyroxenite,  project  out  into 
the  rocks  of  the  Tulameen  group.  The  conclusion,  therefore,  con- 
comin-"  "••    of  the  pyroxenite  is  that  it  is  later  than  the  rock* 

of  th(  froup  which  are  believed  to  be  Triassic. 

ite-peridotite  contact  is  well  exposed  in  a  number 
of  pb  .ticularly  on  the  south  side  of  Olivine  mountain. 

As  desc  .  .  in  a  rrevioua  section,  the  contact  is  a  trmsitional  one, 
so  that  the  date  of  intrusion  of  the  one  rock  is  virt,uaily  that  of  the 
other.  Their  eontomporai.eous  age  is  shown  also  in  the  fact  that 
small  dykes  of  olivine  bearing  pyroxenite  cut  the  peridotite,  and 
vice  versa. 

The  great  body  of  the  augite  s.venite  is  intrusive  into  the  pyro- 
xenite, as  shown  in  Plate  XII,  and,  on  the  contact,  blocks  of 
pyroxenite  are  set  in  a  matrix  of  augite  syonite.  Dykes  of  augit? 
syenite  are  also  commonly  found  intrusive  into  the  pyroxenite.  In 
a    few     instances,    as    in    the    contacts    exposed    on    the    slope 
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At  tlK-..  ,„..>...  uUn  ,!„.  i,y,„x,.,nl,.  a,,,„.,.rH  a.  n  irrnv  1,.,,,,.,  ,,r 
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letup., iillMMMi-    ill    ,,,-iKili    uilli    (1„.    pyn.x.liil,.. 

X..  «-,.ll  .Ai.iM.I  ,-,„ii.i.t  ,.|  |,M-,.x,.i,i,,.  ui,l,  K.,.!,,  ;;r;ui,„|;,„-it.. 
was  l,.un,i.  |.M,!..„,v  l„:„-i„^  „„  .1...  n-Liliv.  p,.l,i„„  of  ,1,....  tw., 
t-riMut  :..n-  u,  tl».  ,,„,.  .,.al,.  i,  lur„i-|„.,|  |,v  ,|u..  f.u-t  il,.,,  „„  r„Kl.. 
'•'■'■.-k  ju-t   .1,,..  ,|h.  ,,„.L-.  ;„.   .■„  ,vp  „:■  py,.„x,.pi,,.  in  ,.]„„.  ,  „,,. 

"""•'    '■■    ''"■    '•^'-'"   ^'■•' ii'-'i"'     -    I.I.M.1,,.1    ;,„,!    |,ij,h|,v    „„tn„,.r. 

ill  .-,d    as    if    l,y   ..,,„, a.-l    uitl,    ,!„■    K  il-..  n,,,„.„|i„rit,.,        Al-,      ti,-. 
I.yrox,.„ilr   in   M■^,ral    pi,,,.,   i-    |,,„„,|    ,,,   i ,    ,„,   ,|^.i^,„  „,■  „,.^,^^,^. 
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rp..p  th,.  rrlati.M.  .,f  the-  py,.,.x..ni|..  ,„  ,1,,,  K^j,],,  f,ra!KMli„ri„. 
''"'""■'-  ''"■  -■'"••''  ^'-''  "I  'I"  '■'■n,„.r.  ,„  ,1„.  ,.pp,,r  ,,art  „r  ,1„. 
iulnn.,.™  nv.r,  t>,  tarc.,.„s  ,..„.k.  .,,c.  f..„,  !  f„  ,,^t  .lin-.tlv  ,„,  tl„. 
.tcmW  .i,r|-m-e  of  ll,e  K:iislv  !..rap,.,liori,,..  ..,  M,.,  tlio  grano,ii„r,t.. 
IS  i.re-C'refnoeou.v.  Tlic  pyroxuiiif-.  thcro!  re,  i,  d-..  pn-C.ota(.,-„us 
in  age. 

The  n-hi!i,.,i   „f   th..   i.yr.,x..uitL.   t,   r,,-   R  ...iJer  •.      ..ite  is  n..t 
siiou-n  by  rtiiy  contiu-ts.  i,„r  i^  the  pyn.spu  ..    i„  ,  ,    j,-i,i,   a„_v 

otlicr  forniati..ii^  ihaii   tli..-o  ,Ii-ii.i.ili,.,l. 


M"l.l-;    IT    ..III'.IN. 

'I'lic  oi-ifrin  ami  )iist.,iy  ,,f  ih,.  pyr..\.  iiit,.  i,   . 
i'l>  "ifh  that   „f  thf  p,.ri,|,.,^i„,  that   ii    ,s   imp,,..,,,: 
KPlK'sis  of  oach   of  them   s,.paralriy,   witln.ut   a   -roa 
tpJii.      For    i.oiivoiiiciu.e.    tli..n.f,.r,..    Ix.lh    f.irid;,     .ii 
under  this  li-adiiiR. 

Son,c  j;v,il,,f;i,t>    .t  .,i„.  tiinr  rofranl..,!  ,'  ..  ],^rn^,■,;U.       ...|  p.-ri- 
ilotitos   n.i   d,.id,tfully   of   iunooiis   origin.   ai,.l    pla..,.,l    tiie-  'h   ;!. 
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„,,k,.s  a  v.rii.-al  ,.xP..-i„v  ..f  tu.arly  :;.iii"i  f. -t  ..f  tl,-  -t,..-k.  4,..wi„,r 
,1„,  ,l.,u„ui.,.,l  ...a.la.t    ...  1-..   v,.,-,i..a!   ,.,■  ph„i^i>i^'  .mtwar.l. 


Tl,..  ...aLliti..,!-  ■^'■v,ruu\'j.  \Ur   intr!,-,..,, 


,,r  til.-  -t.)..k  ai-i'  p,ir..ly 


'ffm^'^-'mmsp^j^'^^Htiim  •^^>'%v' .  umaoMmi^^^timiam 


n  LA.Mf  I  N     UlslRItr.     1.  c. 


•i7 


lnaf,..p.  ,.t  ,l,...,rv,  .,,,.1  il,,-  |„M.,rv  „,  ,|„.  ,.,.,.,  ,.  ,„„|„„.,|  ,,..|„,^  .. 
xxr^-ly  ..-  It  a|.,,..nr-  t..  il„.  ;„  ,  w,.  ,  ,,„|,.  ,,,  ,,,„  ^,,^^.,.,^  ^^_.^^ 
•  IihimI. 

■n...    |..Ti.ii.tit.-|.vn,v.fiii..    ,f,„'.     ,,    („.l,   ^,,1     ,,,    |,,^„    I,,,.,,      , 

"",'■'■    ■■"■•"""   -"■->.""^. I .1   l..n,.....,„.„„.  „,:,...r,.,l 

"'"'   "'"""■•I    "1   •■'"•   l->H..I   nt    .r„|,t,.,„,      i»,ir..r..,Hi.ti„„    i,,,.r   r„„ 
■1.  r.,|   til.,  i.iiit.  liiil   li,.|.  r..u,  i,r..ii-.  ,1,  «,.  ,„,„    fi,„l   it 

'■'"■    ""'"•'"'I    ■  I     'I'l-    -i..,.k    „    ,l„„„.|„    .„    hmv    ri...,,    ,„,.v.r,l 

■'   ■I"""!'"'   I"   «'"    li.Mt.'.l   i„'.,,..r  ,,|-  t nrll,   t„   ,t, 

I'ri -tilt  I'       I  nl   till'  -ini.i.i'. 

■  ■f    furi'il. 


Ii-"in  the 


'•  iiilrii-ii.ii   «;|.   iM.t    siniply   that 
'''■""    '"'"    •'"    "I""    -I'.""    .ihovr    it.    hut    Ih-    lii.ihM.I 

"'"  •"■"'""''>    '•■^"■"-   "•  •!'"■   ■'   ■■  '•^.'l,M,-hi,.  ititrusi,,,,.   it,   whi.h 

""    '^'""■"-    '""'>•    "-■'" '^     >-■'••       "'    w„>     ,.,,^v:.^l    in.,,    „v,.rlvi„« 

vrk.    hy    ,t..|,i„^    „,r    l.l,„.U    „|    th-      ,...,.k--.n.|    „|li„«    th..    -p. 

"I"""'    '"•-•^'■'"■ly   '■>    il"H.      l;y    ,h,.    prn,..,-.   ,1...   ,„„|„.„    i^,,.,.,.,„ 

■Huturial    ,„    .1,    „p„„,-,|    pt,,^,v-s.   ,.„„.,„,.-  r..phtr,.     ,h.,     -„|„1 

r...l<,  until  th..  nH.lt,,,   m.ii,  ri„l   !,.,..,  i,,  |,,,,,        ,|  ,„.j,j„^  ,,,  -„lhliiy. 

In    '1.-    fnn.l    -,.,;;,.-    „i    ,h,.    i„t,-u,i,,n    ,„„1    pn.bfthly   duriii^r   ,|',„ 

'"' "'  "'    '•■"■'i"*-'.   ''"•    "H'lfrn.    i.:n,nn>   nnittriiii   of  thr  stn.-k   l„.«„n 

'"    '""'■    "■    '"""■«'■" '-    .■h.iin. ■.,.,■.    .in.j    ,,.    -,.p,,ral..   out    ml,,    ,w., 

iHslin.-l    lr„r,i,„,.    ,    p,.,.i,|,„,„.   ,.„,,.    „„|    ,    ,,v,-„x..„l„.   -h,.l|.      Tin,! 

tl.>-  -.•P^i.-a,,,,,,  ,|i,|  tal„.  pla,.,.  i,  ,.|,,„.  l,.,.,,,  ,1„.  ^,.,,,1,.  n.,u-  ,, I„„ 

•' ""-'"  '"•  ""••'""'  '■'■  -'r:nMti"n   at..   n,,t   .■|,,„ly    nn,h.r.t..,Ml. 

''''"■   '"■'"■'^"   ''"'-    '"■'    ■•"•   '■■   I'"    -nnply    a   ,-.>.,.  „f   tnirtn.nal 

'■.v-talli/ati..n   ami  t^ravilal  ,s  r  a,|.inMn,,.nf.   l,....aUM.   iho  stn.-k  sh.,i,l,l 
tla-n     >h.,u      a     ..parali..,,    ah.ni.-    I,nri/.,n,al    lii,,..    in.,..a,l    ..f.    a-    „ 

'""■'">'    •' •   ""    ^"'i''    ^'"11    '"-..ntnl    a    l..,-i,-   ,.„r,.:     hn.    it    app.a,- 

■'•"'"■'■  '"   '!"■  "'"I""-  ^'-    il    lh.-,inal   ,.,.nw.,-ti..M  n,n...nt-  ha.l  I ,,   -,., 

"I'    "'     •'"•    '"^'-'"•'    '■li.niil-i-.    Mii.l     that,     in     tl„-    n.iirratl..,,    „f    th,. 
"""'■'■'"'   '""'""'   ''"■  '■'■^""l"i-.   '■■■"•lain    inin,  raU   ,.f   ,1„.  ,„..„,„,,    ,■,,„„. 

"'"'  -'■l'^"-^'"-l  """   ^il-HL'  I .....l,.,.  walU.     .<,„...  .,   ,„.,„..,„  „,■  ,,,,„„.,. 

'"■"    '-   t>''Mn,H.ly    ,na,l,.   „ i„   ,.|„.,„i,,ry   ami   ha.   h,.,.,,   .nL'i,.^U;\ 

';■'■    "'"■'^'■''  "'  ' '''-^'I''"  ^''-"  '"   ''■-< II-  n..-k-.'        Thi<  pro,.,...  u-„„!,| 

iiivolv,.  |-ra,.ti,-,Mal  ,.fy-t,illi/,it  i,.n  t,.  s..,,.,.  .At.nl.  hut  th.-  Ii„al  .■«■., ■! 
woiihJ  !„•  that  uhii-h  i„,u  ..hiain-  ,„  tlii.  ,tr„-k.  tiani.ly.  .,  ,-,,r,.  ,.| 
p,Ti,h.;it,.  Mirn.un,!..,!  ,  ,,  th..  ,,,,,  „,i.l  ,.,,  all  -i.l,..  kv  a  -h..ll  ,,! 
pyr,..XfMit,..  Iti  tho  hr„a,h.r  pa,-ts  of  th,.  -,,„.k  th,-  t,,p  pa.-t  ,,|-  th,. 
\in,  rkan  .r..\,!-,ial  i.f  S,  l.ii,  ...     v,       I\'     I.S97. 
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.„.    Urn  rrn.lr.l   .w;,v.   .M-i"^   ''"-   prriao.it,.  .■on-,   wlnlo    in 


tl„.  ..rn.v   ,ur,,   ih-   P.vr.,x..ni„ .,•  s.iU   pn,.,-.N   ,1..    V^M 

,.„n.  „f  .1,,.  in.,.n„r.  i:,  u-,.  .  -in  pi.  IUk-,  r.l  i,m  ,1,.  ..o,-k  ™l,lo. 
,^  l,„,,l  i,„i,,..l  ,.^,  ,1„.  p,.,-i.l..,i„.  l.,.in^  ..MnivaU.„t  to  the  yolk.  nn.| 
111,-   pvroNrilite   to   tin'    wliit,'   of   tlir   i-iX'^. 

Tho    ,.o,„p^-itioM    of    ,1 ■l.MK,!    ,n:,^n,a    w;,.   prol.,l,ly    ,n.rr- 

„„..li.,..   I„.,uv,.n    .hat    of   ,ho   luo   pnn.-ipal    ,ypo.   of   rnok^,   mnl    Ih. 

,„,„   ,bk..   whi.h   .nt    ,h ro,.U.   „n,l   h:,v,.  Mt.-h   a   .■on.,...-,-,on 

„„y  ,vpn.M.„i   portions  o,    ,1,.  un,liir..r..nt,atnl  nu^nna   n,,,.-t,.a  n,to 
thf  coolins  ci'.-n-ks  of  thc-o  vook-. 

.\(a:   \Mi  1  oiaii.i.MioN. 
Sino.  ,h.  pvoxonitP-p.Thlo,it..  .t,..-k   i.  intn,.l,..l  hy  th.   Ka;rh> 

,.     .,,    .„   ,   ,,,,.   i.„„  .   iv-ls  niiconforiiiably  holow   (  ivta.'co.M 
liiMiioilionti',   ami    Hit    i.in<  . 

■  1   ,;,  ,  1  ,„lv    i-     thcrclori',    carlirr    titan 

rork-.      the     pyroxoinlo-poiolonto  h.i.is     i-.                  "-•            ^ 

CvtacTous.     On  the  olhor  hand   it   i.  intrnsive  into  the  r-.s  ol   th, 
Tnlanioen   ..vnp,   wi.i.h   are   tontativoly   referroa   to   tlu.    Ivia^sK.   JO 

„„,    ,,    i.   „K.a.t    po-t-Ti-ia-i...     This  plaee.   tt^,   Pn--,n  lly,   I 
„,,  ,,,ira--h-,  ana   in   the  early  part   of  that   pernM.  ana  .-orrelate-     t 
,.lth  the  heuinnin,  of  th,.  hatholiihie  intni^ions,  ^vlu,•h  .o  strongly 
,lu„-aelorize   the   uhole  of   the  .lura^sie   peruMl. 

Augite  Syenite. 

Ki^iiiiin  rioN. 
,,..   aiiKite   .y-ni.e   i,    touna.    in   thi>   .li.triot,   in   the  form   of 
...oral   a..aehoa   areas,   none   of    then,    lar.e   a„a   some   o     them  so 
,.       Ivli-     .>nlv    a    few    leet    wnle.       I  lie    .aitie-i 

::::\;';::rs,::.r;;ar:nhe.heet.  ^^^ 

inkin,    approxi,nately     north.e.t     ami    southeast,    am      havm.    a 

'h   of   L.   0   tniles   1    an    average   wia.h  o,    .h.htb^   over   a 

,;       This        .ay    extemls    from    the   heua   ot    Ihne   ereek    on   the 
,;n/slopo   of   (.livine   tnountain.   southeasterly   aeross   the  heaas 

o,.,e  er.vk  ami  th.'  North  Fork  of  (iran.e  ereek.  ^vhere  .    pa,-e- 

:   „:      r   ,  :  Hmits   of   tl.   a^a   mappea.      Sn.aller  1 n.   ot    aa^  e 

,,,,vin.    the   same   f^oneral   -ha,H.   ami   strike,   oeeur   on     he 
^;,::;  ;  n  :,f   the  mam    ria.e  separating   Slate  iVom   rhan.n.m 

::,n   the  western  sh., '  Otter  monn.ain.  ami  a,  two  pmnts 

.,„„;  northeastern  slope  of  Hear  freekvallev.     A  numher  of  a.k,  - 


f^^-l 
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of  iiugit'j  sycnito  (if  small  size  :m-  fnuiiil  in  \,iriou-i  i>art.-  ..f  tlic 
«istri<'t  in  wliiiOi  tlu'  hirpT  li.nli.-  o,-<-ur.  S,.ii  r  nf  tla-e  luw.^  li,vn 
lii.il.pc<l.  l.ui  t!u-rc  arc  iii:iii.\  othcix  i|i;u  ;,,■•,■  i:,,t  linlii'atc'I  f.n  the 
ticiildL'ical   iiia|). 


l.iri.nI,o(;v. 

.\^  Mrll  in  the  'irM  ihrlV  i-  n-lhi)i-  typical  ,.,■  rlia  ra.'t,.rist  ir 
al.oiii  ill,-  hal.ii.  a;.|,.araiir.'.  ..r  ruin!ii.-iii,,n  .f  tlu-  ncli^  -n.upcl 
'""''■'■  ''"■  "'"!"■  '■'■  aii:;ilr  -uaiil.-.  Tli,-  i,-Mi,iv  ,.(  ii„.  ,Mrk  varic-i 
'''■'""   !''■"•'■   '■■   I'l'"-".   •ii"l    III''  '-"l-'M-  .■i.a.iL'v-   will,   variatiuhs   in   tli,. 

'■'■'•'''^"    l'i-cl"'i-li f    'I n-liiii,i,i     iiiinci-al-.      In     .•..iiip..Mli..n. 

•''■"■•  ''"''■'•  '-  •'  "i'l'-  I'liii^' ■  -  'III'  Nihl.r  th,.  f..rinall..nal  iianic  ..| 
aM;;ilc  -veil,,  arv  i;p.ii|„,|  n.,-l>,  wlil,-!,  nin-c  (,:„„  -aiil.m  to 
i;ranit,-.  'I'liciv  is  l^.-w.-vcr.  no  lii,,- ,,|-,.,,iii  „t  liiwcm  tli- \  ari-n,  kimU 
"'  ''■■'''■--•  ^^lii'l'  -'Vl"-'"'  '•■  liavr  i.,-.ii  ,|,a-iv,..l  fi-cii,  tlir  -anir  n  a^nia, 
iiiicl  ai'c  transitional  inio  .adi  oii„r.  ■||,r  |.rovailin.-  ly,,,..  |„,w 
t'vi'r,   i>  an   aiiy:ilr  s.vonilr. 

In  lianil  >proinaMis  llic  anj;iir  -ymilc  i-  a  line  to  nii'.jinin 
frrainr,!  i-o,-k  of  t;iaiiilic  t,.\tniv.  It  is  always  ilark  in  .■olonr  ami 
show.-  two  tnaiii  coii-.tilii.  iit>,  a  wliilr  or  sliiihtly  y,l|owi-li  IrliUpar. 
mill  a  l.lark  aii-ilo  or  lioniMon,!,..  Neither  of  tiir-o  eon>tiinriiis 
has  well  tlcfuiod.  clean  cut  oiillliie-,  aial  the  micro-, ..p,.  Ji,,^v.  i!;:ii 
the  tel.l-par  contains  many  -mall  lin-liisions  of  aiiiritc  -rains.  '|'|,e 
rock  is,  as  a  rnle,  iinisMvc  in  sinictnrc.  hut  alon-  line-  ,,f  -iicarin^^ 
ilcve!o|i.s  a  schisto-e  >tnictnre.  A  .-imilar  structure  has  heeii  imliua-d 
in  the  rock  iiloiitr  soiia-  of  its  <-ontacts  with  other  M.-k-  of  earlier 
ilffc.  It  holds  somo  ha.-ic  ,-e-ret;atioiis  ,,f  tine  craiiied,  dark  material 
ill  oval  or  lenticular  slia|ie. 

Thin  section,  show  the  aiifrile  -venite  to  l,e  mncli  altered  and 
to  have  sutrcred  tiinch  decoinpo-iii,.,i.  Thi'  lexinrc  of  the  typical 
rock  is  f;raiiitie.  hnt  i;eneraii>  imt  e.piiurannlar.  The  doiuin.itit 
teld-par  i-  orlhocla-e.  which  i-  ■generally  tiirhid  from  alteration  or 
iiiehisions.  and  has  no  well  .lelliad  ouillnc.  A  Mihordinate  amount 
ot  aci.l  i,la«ioclase  is  iire-ent,  and  in  the  Iwinninii  son  e  strain  and 
hendiiifr  «(  the  crystal-  i-  e\idini.  The  principal  dark  mineral  is 
aut;ile,  which  is  often  altered  to  lioriiM,.nde.  The  aii^it.>  appears 
cither  in  larjic  iiliomorphic  cr,\-ial-  or  in  -mall  irrain--  which  are 
S'callered    ahnndantly    thioiii;!]    the    linger    con-t  itnents.      d'he    horn- 
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McikIc  i-  ill  liiryr  Miii-li-;;iciMi  ri-.v-t;ils.  yciiciM ll.v  M'c..iiiliU-.v  fmni 
.niKitr  i.r  a'>-  dtcn  ni.-iiml.  Tlii'  linnililonrlo  afrain  alters  to 
clildihi'.  A  li-w  slircd-  of  l.i-own  biotiti'  an-  aUc  prc-cnt.  In  juiiir 
'cctii'ii-.  iiaitii-iil.irlv  in  llh.-c  taken  I'miii  ^oiin-  nf  flic  smaller  hodie-; 
Ml'  aiij;ilc  -vi'iiilc.  -.iiiic  (luartz  ai'pear-.  Tiii-  i-  either  interstitial 
Irlwrin   llir   t'rl.l-|iar   i  ml  i\  iduaU.  nr  el-e   it    i-   int.-rur.iwn   wiiii   the 

iiill I;i-c     ill     a     typii-al     iiii<'ref;-ra|ihii'    -tnirinre.      (ii'iierally     llie 

(liiart/.  i-  li"!  -••  ahull. hint  as  to  ri~e  almvc  ihi'  po-iti..!'  ot'  a  iiuae 
n.r.-.-or.v  I  on-titueiit.  hiit  niir  sei'tion  edntain-  quart/,  ciinngli  tor 
thi-  rock  to  he  clas-ed  as  a  (.'rauite.  The  -I'l-oiulary  minerals 
ilcveloiK'il  are  chlorite,  cpidoic.  niiea.  and  s,,nic  eah-itc.  'J'hc  accc-- 
-nrie^   ari>   uiaiinctite.   titanite.   and   soiec  apatite. 

■|'he  analysis  ^iveii  hidow  is  that  of  a  roi-k  taken  froin  the 
^..iithern  ciiil  of  Olivine  ridfie  between  Slate  and  t'hainpioii  creeks, 
rnfortiinatcly  the  sample  i.s  not  typical  of  the  nverajre  rock  of  the 
whole    auuitc    -yenite   formation,    hut    i-    iimlouhtedly    niiu'li    more 

l,asic  in  ( ipo^ition.     The  thin  -t'ctiou  o''  this  rock  shows  the  usual 

dark  co|oiire(l  constituents  abundantly  developed,  but  the  feld-par- 
arc  so  elondy  and  full  o.  inclusions  that  it  is  difficult  to  .separate 
the  orthoclase  from  the  plaprioelase.  The  percentage  of  K.O  in 
the  analysis  indicates  that  the  proportion  of  orthoclase  cannot  he 
v.Tv  fj-reat.  and  the  calculation  of  the  norm  of  the  rock  shoW3  that 
it  iiiiKht  be  about  U-IJ  per  cent.  Mo>t  of  t!ic  cl.uidy  indeterminate 
feldspar,   therefore,   mu--t    he  jdaKioclasc. 

In  the  sinTimens  colh'cted  from  the  main  body  of  the  augite 
syenite  f.prmatioii.  the  dominant  feld-par  is  ortlioclas!-.  Often,  al-o. 
a  variable  iin.portion  of  quart/,  apiiears.  so  that  the  average  rock  of 
this  forniatiou  is  niucdi  more  acid  than  that  represented  by  the 
analysis.  The  location  from  which  the  simiple  analyseil  was  eol- 
liH'tcd  may  accmint   for  its  more  basic  composition. 

In  working  out  the  relation  of  the  aiigite  ayenite  to  the 
pyoxciiite  it  was  found  that  while  the  main  l>ody  of  the  angite 
sycnit.-  was.  without  doubt,  later  in  ilate  of  intrusion  than  the 
pyroxenite.  thiTe  were  ciutain  small  areas  that  ujipeared  to  show  a 
t.ran^iti(Ul.  liy  decrea-e  of  teld>iiar.  into  tin'  mass  of  the  pyroxenite. 
in  other  words  the  iiyroxcnit.'.  presumably  by  a  process  of  diiferen- 
tiation  in  the  iiiagma  ilnring  cooling,  in  places  showed  a  tendency 
on   its  outer  borders   to  grade   into   a    rock   which   in   the  field   was 
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i'hi--r,|    ;,■.    ii,ii;i|,'    -\iiutr.        Ilh-    -iiiii|i|r    j 1 1 ;i ly -. ■. !    ^va-    (akrii    t'r.iiri 

-urh    ;l    |,l,|,r,    nil    lil,.    ur-lrll,    |.,,r,lrr    -l     ll:..    | .;,  nA,]  i  i  t.'.    all.l    ;lltll..:li;i| 

|.r..li.il.ly  II. ,t   iypir,il  ,,|    ihi-  k]u],-  .iii-i|,.  -yvu'.','   l'-riii:ih..i:.  it   -,-rv... 
t.    -Ii.iw  ill.-  iii-..yi-,.,,  ,.|'  .litl.  riiiMali.rii   ill   :i   |.:i-i.-  hki^im:!   tr.,iii  p.ri 
<l..nt..,    lIir...iL;li    ,.yr..\.'iiil,'    jn.l    jiil.l.n,    .,.    au^ii,-    ,y,  iiii,-    aii.l    ,\,-u 

to    Kniiiit.'     11    v,.,-!,.,    tliat    I, 111,..    pr..i;i,  --Iv.'ly     iii.,iv     arvl     .,-     it 

!iilvninv«   ll 1   ih nil-.,  t.i  i!i.'  iM.r.l.r  ,,|    tl,,.  m.i--. 

The   l.ill..\viii,i;-  iiiialy-i.  ,,|'   t|ii-    ,;.rk   w.i-    iiii.l,-    in    ll,.-   lali.  ,rai .  ,ry 

nt      llll-      Mill.--     lilMlirll     liV      \|.      I-'.     (  'nlllinr:      ^ 


Sic,,      . 

Till:, 
Allii. 
1-V,()j.     ,, 
F.O  .  . 
MnO. 

MkO. 

CilO.  .. 
K.!)..      . 
Nu^O  ... 
HsO-...   . 
H4)*... 


Ill 

II 

is 

IIS 

1 

IIS 

II 

llll 

HI 

III 

1 

111 

:f 

4s 

II 

III 

1 

■  ryj 

*'"l>'iil:iti f   th.      :ni-iii   aci'nr.liii};'   t.i   llir   (^naiilitalu  .•   Chi  —  i- 

tieatioii    fjivi-    the    Inllnwiii-    |H-n'eiirai;v.    ..f    the    (litr.T.'iit    ciiiMi- 
tuents : — 


(Quartz.. 
OrtluMi'uH' 
.Mbit..    .. 

.\nortliiic 

[)ii>p..*i(li'  . 
HyptrstlR'nc 
MiiKnctiti;.. 
liiiienitf     . 


=  0-4.> 
=  iil-2 
=  :'!»■  34 

=  :iO*s 

=  l.i-2,S 
=  .i-M 
=  HoH 
-   1-8:' 


'riii>   ruck   i«,   tlirrcf.im.   a   li..<-.i^i.,  and 


M.'<  ill  till-  saiiK'  i-la-- 
a-  the  '  .(ili'V  t;al.lir.i,  ..!'  wliiili  an  analysis  ir~  t;i\i-n  in  a  lu-cv  i.iii- 
rcpnrt  nil  that   roginii.' 

The  cheniical  anaiy-i~  uiwn  ahnvc  is  jiln.nsi  iilentical  witli  that 
nf  the  avLrayc  gabhro  a-  c-alniilated  hy  Ji.  A.  Daly  from  t\vfiity-t,.\ir 
tyjiiful  analysis.-  This  phasr,  thou,  nf  the  aiinito  syi'iiifo  I'ornialinn 
Wniilil  he  iiioro  i-orrc-tly  railed  a  {;al  lim  rather  than  an  aiiuiti' 
syenite  even   of  tlie  ii..)>t    liasje   kind. 


'O.S.r.  MeniDir  .'.  '■  Tlie  K.-nlogy  aii.l  ni-,.  (lopn.sits  ..f  II..dl,.v  Min- 
ing District  "  i)aK<'  sii. 

■  Pr.ie.  Am.  Ai  a.leiny  nf  .\rls  aii.l  Sei.'neo.s.  Vnl.  Xl.V.  .\n.  7.  .Ian., 
19111,  iiag<»  J2."i. 


UEOLOOICAL   SUKVEY^    CANADA 


STHLCTLllAr.   Hi;iATI<iN>. 

Iiihriiiil.--'\'\\v  ,\nLriti>  -yciiitc  fi>riM;it  iuii  is.  ii<  ii  riilo,  not  very 
well  i>x|iu-cm1  cxi'i'iit  (pU  tli(>  tops  ot'  iii-oiniiu'iit  riil;,'rs  or  in  tlie  beds 
of  LTL'uks  llowiii}'-  tliroiiBli  it.  It  appears  to  ?iitl'cr  liocoinpositinn 
very  easily,  so  tliat  i'roli  sninpK's  arc  ilitliciilt  to  olitaiii.  Eitlier  on 
ui-ooiuit  of  tliis  hu-k  of  ri'sistaiK'c  to  wi'atlioriiiL'  or  bd'aiise  it  has 
already  passorl  tliroiif;li  Ions:  pcrioils  of  erosion,  it  iloes  not  form 
prominent  featnres  in  the  lamlscape,  Imt  is  chara-'lerizeil  by  n-.orc 
inat\ire  topofrrapliii'   fornw, 

.\s  stated  in  a  previous  si-i-tinn,  both  the  pliysieal  and  elieniieal 
eharaeters  of  tlie  auy-ile  -veuiii'  var>-  widely.  In  eon;i)osition  the 
range  extends  from  a  gabliro  at  one  en<l  to  a  s^ranite  at  tlio  other, 
th.Hitih  all  varieties  are  believed  io  have  the  same  magmatie  soiree. 

On  aerouni  of  the  lack  of  }><iod  exposnrcs  the  dilTereiitiation  in 
the  majinia,  whieh  ^ave  ri-e  to  the  varieties  of  rocks  in  the  aiigitc 
syenite  formation,  has  not  Ikm-ii  well  studied.  Tho  most  ba.^io 
variety  ineluded  und-r  this  headinj;  is  an  or<linary  irabbro.  This, 
wliile  appearitifr  often  as  sriu-cjiateil  masse-  in  tlie  aufrite  syenite, 
is  oflen  found  to  be  a  b.jrler  phase  of  the  peridotite-pyro.\enite 
Series.  .Vuaite  diorite  is  ''  ,ind  in  the  main  h.nly  of  thi.s  formation, 
and  I'Ugito  .syenite,  of  course,  forias  the  major  part  of  it.  In  some 
of  the  snialler  bodies,  mapped  under  this  enbuir,  such  as  those  lying 
to  tlie  northeast  of  Hear  ereek.  a  small  pereeiitaiie  of  tpiartz  comes 
into  the  rock,  while  towards  the  southern  limit  of  the  area  the  rock 
takes  on  the  character  an<l  composition  of  a  Krauite.  It  is  not 
absolutely  certain  whpth(>r  all  these  varielie-  can  b(^  referred  to  the 
Si, me  or  simultaneous  intrusions,  hut  th ;  {.'eneral  habit  and  struc- 
ture of  the  dilTerent  varieties,  with  the  pre-ence  in  all  of  them  of 
the  augite  constituent,  has  impelled  the  author  to  correlate  them 
to.i^ether,  and  to  refer  them  all  to  the  same  niapmatic  source.  As 
will  be  discussed  later,  this  n-.a^rma  is  thoub'ht  to  have  given  rise  to 
the  pyroxenite  and  peridotite.  but  at  a  more  remote  perio  1  in  its 
history. 

The  augite  syenite  magnui  appears  to  have  been  a  somewhat 
unstable  one  whieh  split  easily  to  form  ditferent  kinds  of  rocks, 
liesides  forming  large  areas  of  wiilely  dillermtiated  species,  the 
aiij-'ite  syi-iiite  contains  nuiny  small  -etrri'iiations.  These  are  in 
every    ease   more   basic   -nf    least    in    appearance—tban    the   matrix. 


TLl.AMKIN     DIsirtK    I 


'.    I!,  r 


lonti.'ulur  shaiKN  1  nr  _•  j,,,!,,.^  i„  trrfaf,-.   l..„ffil,. 

As    .,    n,lr   all   ,,Ik.-,.s   ,„■   ,hi.    f„nnatiMi     i,  nv     .•,■11    ,l,.o.l„,„.,l 

Pranu.e     ,tnu.tun...       i„     „„,,    „,■    „ ,_,^,„,    ^,,,^^,_    ,^  ^^^.^  ^.^  _     ,^ 

trne...,,.  .,r,H.tM,v  is  appaivnt.  This  p,„.i-,i,.  -:,,„.,„■,.  i-  tl„„„.l,. 
to  br  ,luc.  to  s.„„>.zin^^  at  tl,..  ,i,n..  .,f  in(rusi,.n  rati,,.,-  than  t„  lat.-r 
(lyi,aiiiir'   iiii.voniriit. 

/:V/<.W        V  -t,,,lv   ,,,■,!,,.   r.la,:.,,-,,,a,,yi.,,,.,,,,.|,,.,|,   ,,,,,,. 
rocks  u-„h  ul„..l.   i,   1.   i„ ,„.,    i,   „„,  „„,^.  „.„^^,,_  ,,,.  ^^^.^.^.  ^^   ^^^ 

th.  nlatnv  a.v  „f  ,l,at  l„„K,  a„.l  „„!y  wh,.,,  ,.„„,,,.  ,;,:,  ,■„,.;,. 
.fer,.„s  r,„.k,  a,-,.  „htai,.,.,l  .-a,,  ,i,„  ,|„„,,„„  ,,,,.  ,„.  ,;^„,|  ^^..^,_  ^^^^^. 
doen:  „t  a,-,„ra..y.  |„  ,1„.  „,.„  .„■  „„  ,„.^;„.  ^^„,,i,,,  (,.„„,,^.;, 
cntarts  „-,.,.,.  „l„ai,„.,|  ui,l,  ,h„  („,„,  ,,,„i,,.^  ,.„,^,^  ^.,,„.^_^.; 
)nn„at,.,„,   ,h,.   pyn*.„i„,   ,h,.   ,„.ri,l,„i„,   ;,„,   ,i„.  Ti.la,,,..,.   ,.,■,..„. 

Ihf.o    cv,„larfs    wcav    s„lli,.h.,t    to    tix    (1„.    i,„r„M„„    „f    ,!„. |„. 

syon.to  as  l,av,„^^  tak,,,  ,,h,.r  all.-r  ,l,a,  ,„■  tho  py,-„.x,.„i,,.  1„„  ,„.i„r 
to  that    „i    the    Ka.iili'  f;r::  ....liorit,.. 

At   th,.  ,o„tl„Tn  ,■,,,1   „f  S|„.arinu'  >„..!,ntai:,.  a„.l    i„.l   ,„„H.  of 
the  siim.M.f    of    P.,.ar  (  ,-,vk    wairo,,     roa.l.    th,;-r    i-auci'    .■^•....,..{ 

<'o!:taot    „f   a„f..it,.   sy,,,i,o    with    Iho   Otior  ,^','a„i,,..      Th ,„.,V(    U 

not  a  sharp  li„o  of  ,iiviM.,„.  |,„r,  ,„.  ,ho  .■,.,„ra,-v.  tho.v  i<  a  ui.Io 
.■onta.t  /one  „f  h.-n-ialion  wl„,.l,  -l,„ws  f,.a.„„.,„s  „f  ao.ito  ,v,„ito 
"t  an-uhir  shapo.  on.-l,,.,.,,'  i„  .,  ,„;,lrix  of  r.,,,.r  «,-a,,it,>  T.i.v,r.| 
'lio  a„uito  .y,.„itr  honlw  ..(  ,his  ,.o„,a,.t  /o,„,  ,ho  f,-a,.„:,.„r  ■  of 
-=.vei„to  an-  s,,  h,,-,.  thai  tho  ^,-a„ito  >„atrix  l,.,-,„„o-  „„.rolv  a  not- 
work  of  l,rn,>,.l,i„,u-  a.ophy-,,,,  travor-i,,;,^  tho-  piano.  „f  frao.nro 
betwoon  larjro  Mook-  of  .yvni,,..  This  <.„ntaot  ,.|,.arlv  pmvos  ,h,. 
intnis.vo  natnrr  of  tho  Ottor  ,!:,-a„ilo   in   th,.  aiiyit,.  <y,.nit,.. 

(^mta.'ts  of  aniril,.  .y,.nit,.  uith  th,.  C-.iar  ^,,!,•ani,.  s,.ri,.s  ar.. 
woU  shown  on  two  of  th,.  bran,-h,...  ,,f  th,-  \,„-,h  F..rk  of  C-aoit,. 
'•ro,.k.  wl.e,-o  th..  ('...lar  vol,.a„i,.s  ,.l,.a,.|y  ro-t  o„  ,h,.  au^ito  ^y,  „it,., 
ami  there  Js  n,.  ...H.ta.'t  inotamorphism  or  other  ovi,lcn,.e  of  intni- 
"^i"''  'j''  "  'iite   into  the  (>,lar  VM|,-n,i,.s. 

'^'"-'  "'f^  '1''  tl"-'  aii^ii,.  >y,.nite  with  th,-  py,.oN,.niie.  p,.ri- 
<l"tite  and  mlain,.,.,,  i:ro,ip  h-av,.  no  ,loiibt  a<  f,.  ih,.  r.aiiv,.  :,■■:■. 
of  these  f,innalion-.  Fn  ,,iaiiy  iii-lan,.e.  <lvk,  ~  ..f  ai'-il,.  -v,.|,i,,. 
were  fo„n,l  cuttin;?  all  tliree  formation-^.  Th,.  e..ntaet  of  th,  main 
body   of   the   augite   syenite   with   th.-   Tiih „   o-roup.   as   .,.,.„    „n 
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Slate  crei-li  ;iii.l  ..■l-rwli.Tc.  i-  t:iirly  clciii,  .Mil  an. I  raivl.v  «linw-*  iiiiy 
/,„„■  o|-  l,r.rci..ti..n  -1..;,  ;„  npiM-nrs  „m  .,.Mta,'l~  nf  the  latter  with 
niher     i^M.eoll^    ho,llr-..       With     the     pjTuXellite      the     iliipite     >.Venile 

fnn.;iiliei.    ha.    le.t    aKva>>    th,-   sai.ie   kitel    nl laet.    ler    in    .emo 

.■a^es  the  >.veiiite  i-  later  aiel  in  etlier-  eniileiMieraueeii-  iti  ajre  witli 
the  pyrnxenlte.  Plate  XU  ilh.Mrates  a  ee„taet  nt-  p.vroxeiiite  uilK 
aiifiile  -yeiiiti'.  as  >eeii   en   th.'  ri.lue  aheut    a   mile  south  of  the  t..]. 

„f    Olivii:..    Ill itaiii.      The    pyrexeiiite    is    her.'    a    wlist.'iiinfr,    hia.-k 

.-...•U.  while  the  aiTit.'  ^ve!lit.■  is  lij^ht  eeh.ure.l.  At  tlw  .•eiita.'l  ;  he 
sv.iilte  .■eiitaiiis  aiimihir  hh.ehs.  reiiiiile.1  friitriiieiit..  and  .•lonpat.Ml 
leiise.s  .,f  iiyrexenite,  sh.'.wiiifr  that  the  syenite  is  iiitriisiee  into  the 
pyroxeiiite.  hut  su!.'!.'.'sl  ill!-'  that  th.'  |.yi'..x.-iiil.'  ha.l  n..l  y.'t  tlmi-- 
.uifrhly  seli.liti.'.l  when  the  iiitrusi.iu  t.."k  phi.'.'  ..r  I'l-.'  that  it  wa- 
re-fus.'(l  hy  the  iK-at  of  the  -yeiiit.'.  At  iin..th.T  p.iint  .mi  ih.'  -aiue 
li.ltre  the  .-..uta.'t  i>  -till  les-  -haqily  ileHiie.l.  aiel  l.>iif;  streaks  .>! 
blaek  pyr.'xeiiite  freiii  1  t..  I  iii.'hes  in  wiiltli  appear  in  the  litrhter 
o..!,uin..l  n.ek.  which  i-  h.>ri' a  frnbhro.  but  passes,  appiir-'iitly  witiioiit 
any  break,  into  true  augite  syenite.  At  tin-  p.>iiit  liie  eluinu'e  from 
pyr....\eiiit<'    to    au-ite    syenite    m    transitional    ratli.T    than    abruptly 

intrnsive. 

No  e.pnta-'ts  uf  auffite  syenite  with  tlw  main  h.i.ly  ..f  Eaiile 
grano.li.irite  are  known,  th.iuph  a  earoful  seareh  was  iiin.i.'  for  tliein. 
An  apt.physis  of  Kaglo  Kraiio.li.,rite,  h.nvever.  was  fouii.l  .iittiim' 
both  the  pyroxenite  and  the  peri.lotite.  wliile  on  KaRli;  ereek 
include.!  Hocks  of  pyroxenitt  were  found  in  the  firaiio.liorite.  The 
close  mafiniatic  relationship  ni  the  aiifiite  syenite  t.i  the  pyroxenite 
anil  i>.'ri.hitit.'  as  well  as  the  nature  of  its  e.intiiets  w.mld  lea.l  one 
to  infer  that  th.-  au.irite  syenite  f.dlow.'.l  tlie  pyrox.'iiite  and  peri- 
dotite  very  eh.sely  in  time  ..f  intrusion.  The  Kaple  irranodiorite, 
h.nvever.  appears  t,,  have  li.'.-n  s,,uie\vliat  lat.'r,  anil  to  have  been 
intni.l.'.l  e'er  the  pyr.ix.'uite  luel  completely  solidirie.l.  In  the 
sciuence  of  intru.'ii.Mi.  ther.'foiv.  the  aiif;ii.'  sy.'iiite  is  placed  between 
the  iiyroxeiiite  and  the  Kairle  frraiiodiorile. 


M.IIIK  .)I'   .miiiix. 

The  f..riii  of  th.'  ii.ain  b.MJy  of  augite  syeiiit.'  is  that  .if  an 
elongated  stock,  intrusive  on  the  one  band  iut.i  pymxenite  and  on 
the  other  into  the  r.i.'k-  ..f  the  Tulameen  fimuii.     Tts  eoiitaots  show 
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t:l''     Ulli-h     iu.li.al,-     ll,;,t     ,1-     ,„..,|,.    ,,r    nri^il,     i-    ;,,,i,l'  L'..,,-     U.    Il,;li     .^T 
""■    "''"'■    '■"-'■     '«' '-     !■       '•■'    ■■!     ill"    .ii-ll-hl.     tl,;,,     i-     1,,    ,;|V.     It     I-,.-,- 

'"  ''"'  •'•''"    "I  •'  '"i'liMii If,. II   r.,rk.  from  tl„.  Ii.mi,,!  uit.Ti.r  ..f 

''"'   '■■"•'''    "I'    '"    ll"'   -"i-l; uli,.,v    II    -,,l|.|,|i,,|.      Til.-   nirtli...i    ,,t    ,1- 

ll|.|-i-lll,M    1~    :,    nil, II,  I-    ..f    ihrM^.    I, Ml     it    ,.,-,,l,al,l>     I,,-,-    l,v    -I. .pin-   .,|T 

rnifzi.iriii-    ,.|    til,.    ,,v,.,lsii,i;    ,.,„.k-.    an. I    1 u-    tl„.    -|.i',.,.-  _|,.nn,.rl.v 

'■'■'■'■'■''•■'    ^■>     ''"■"'•       ll^iMiii:    tlii-    III. ..I..    .-I    .,ii^i„    t|„.    u-;ill-    ,,!'    ll„. 
-t....k    uiil.    I|„.,.,.f,,iv,   I.,.  ,ith,.i.   v,.,.|i,.;i|   ,.r   l,i:;l,i>     in.-Ii,i..i. 

^"""'     "'■     ''"■     -ii;ili.-r     l„„li,.-     ,,|     tin-     l,.n,  ,iii,,„     |,i,-i,„i;il.l.v 

"■"'"■''       ''"!'■      |.1V-|.||I        |,.i.ili,in        In, II,        til,.       ,;,,,„.      „,,||.,.,.,       I,,,,       \,y       |„.j,,^, 

ilii-iKl   ni.wMr.l   int..  rxi^tinj   h-Min-  l.y  |,iv-,ir..  f, i   |.,.|,,„.     -l-li,-,. 

l...ilir-<  \vi>iii,l,  tli,Ti'f,.ri.,  I„.  |,r..|>,.rl.v  chi-,,.,!  as  .l.vkr^. 

In  .li-ni--in-  lli,.  inh.rinil  -trii.-liir,.  ,,|'  il.i,  r,,i.|iiiii  i,,,,  it  wa- 
Mnlr.j  ilnit  it,  ,.|i,.n,i,..||  ,  lKir,i..|,.r-  \ar.v  m-,.iitly.  |n  .,,,,„.  ,,ari,  ,,f 
lli<-  Ilia-  il  iii,pi-,,a.-ii,.-.  ,1  :;i,l,l,r,,  in  r..ini...Mii,,n.  uliil,.  in  ,,tli,.r^  it 
i-  aliiiH-t  ari.l  ,.n,,iml,  t,.  |„,  ,.a|i,.,|  a  j;fiinil,..  Il,.tw,.,.i.  iIh'-,- 
ilitl'iTciit  |,lia-,.v  I,,.  u,II  ,i,.|inr,l  ...,nta,.t  ,..,iil.|  1„.  f..un.l.  Auaip. 
u'liitc  -y,niti.  wa-  ...  .■a<i..iially  t'.iin.il  a--  a  l..,r.lrr  iilia-c  .,1'  tli,. 
Iiyroxciiit..  I'.,nnali,,ii.  int,,  wlii.  L  it  i.a-,..!  l,y  a  I.,--  ..f  t'.ii.  iVl.lspai' 
<-..ii~titii,-ni.  Tiifs,.  ,,l,-,.rvati..n-  -uuv~\  ih,.  .■,,n,.liiMon  that,  thi. 
aiiiiti-  >yi-nit|.  marina  wa-  an  iin-tal.l,.  ..iir.  an. I  that.  li,-f,.ro  ootnli- 
ti.iiK  .,1'  ,.c|uilil,riuiii  .-..ul.!  have  liccn  „.|  up  in  it,  its  vi>c,.-ity 
iiirr<'a>,Ml  until  it  linally  -..iiiliticd.  It-  iM.sili.,,.  a.ljai-i.nt  t,,  tlic 
pyroxcniti'  in  wliirli  it  -,,ni<.tiiiics  ,.|.,.ur.-;  a-  a  l.,.riliT  pliaM'.  aU.. 
..•iifruc>t>  a  ;;i.n..ti,.  rciati,.n~liip  t,,  tli,-  inaLniia  \vlii,.li  pri.vi,,n-ly  pav,> 
i-i-c  t,.  til..   pyi-,.xi.nitc-pi.ri.l,,titi.  f;r..ii|i  ,.|'  ri,i.k-. 

Al.K     \Ml    (  iiHliKI.MIiiV. 

ill  till'  cviili.n,-,.  ujicn.l.y  tin-  aj;..  ,,1'  the  aiiuin-  -yruiti-  .'an  ho 
Hx  has  li,.eii  alrca.iy  yivi-n  in  a  prfvi..iis  sfi'ti,)!!.  It  wa-  tluTo 
stati'il  that  the  foriiiati.m  i-  intru-ivc  into  tlir  Tnhmiopii  proup  iiiiil 
the  |.yrn\,  nitr  formati..n.  uhih'  ..n  th..  (.tiu-r  haii.l  it  has  hern 
iiitnal,..!  hy  thi-  Otter  jiranite  ami  very  pmhahly  also  hy  tlio  Kaple 
frraimiliorilf.  This  phice>  ihf  relative  afie  of  the  formation  hetwcoii 
that  of  the  iiyroxeiiite  ami  the  Kafile  f:raiiO(liorite.  As  hofh  of  these 
r.ieks  are  roferreil  t,,  the  .Inras-ic  in.riod.  when  many  ii;ne..us  ho.lir- 
were  irnipteil  in  tlie  Conlilleian  helt  of  N'nrfh  Aiiieriea.  the  anpite 


iti 
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«.vcii!tf  inii>t  iiU.i  Iji'  n-l'iTri'il  In  ihr  suiiii'  pt'rioil  of  oniptive 
aitivit.v. 

Eagle  Oranodiorite. 

iii>ri!iiii  Ti(i\. 

Tin-  Ka^rli'  urMUodiuiitr  ui'cupics  the  wlh'lr  nt'  tlu'  wi-liTM 
bordiT  irf  tlii^  area  iniipiK'il,  and  extendi  nut^ililo  the  limits  of  this 
area  to  the  iinrtli,  we-t,  iiiid  -null'.  If  nccm--*  in  the  feriii  of  a  jeiiff 
iKirruw  hand,  with  it-^  Imiyer  axi,  l.viiijr  in  a  iiorlli  and  -,iutii  diree- 
tiun.  Tlie  width  nf  tlii'  hand  i-  Irum  4  l.i  .">  nih's,  and  ttie  leiifrth 
i.i  iiid<tifiwii,  l)eiiiK  riuiiewhai  lnn;.'ir  thai,  the  irnfftli  i<i  the  area, 
whieh  is  ai)iMit  1-'  miles.  |t  nni.v  he  MO  niih's  in  lentJth,  for  a  granite 
III'  soinewiiat  siinihir  iluiraeter  has  heeii  deserihed  hy  Dr.  Kawson 
as  iM'c-iirrinn'  im  the  Ilepe  trail  at  the  sinninit  nf  Whipsaw  ereek. 
tliis  lueality  lieinj.'  in  tiie  same  strilie  a-  that  of  the  Kade  ^'■^ano- 
diorite  et  the  Tuhimeen. 

Te  the  west  the   l''ai;li-  >.'Mimiilinrite  may   h nnieted  witli  and 

form  a  part  of  t;io  great  ("oast  Ivanire  hatholitli.  Init  tiiis  ;^  imt 
definitely  ktiuvvn  to  he  so. 

l.ril|iil.oi;\. 

The  Kafrii'  j;ranodioritc  is  ponerally  coarse  grained  in  texture, 
and,  from  eonstitneiits  tiiat  can  he  idcntiticil  in  the  tiehl,  appears  to 
he  i>f  fairl.v  uniform  <'on;positiou.  [n  liand  speeiiiiL-.H  it  shows 
erystal^i  of  whito  feldspar,  fj'assy  (inart/.  anil  much  hiotite.  Tlie 
hiotite  is  ofli'ii,  thoujfh  no'  always,  arniUfred  in  well  defined  lines, 
parallel  to  loiifrer  axis  of  the  sraiiodiorite  hody,  jrivin;;  a  gneissic 
structure  to  the  rock. 

Thin  sei'tious  do  not  as  a  rule  exhihit  any  ^ncissie  struetnre. 
They  show  an  even  f-rained  rock  consisting'  of  orlhoelase,  (piartz, 
considerable  plapioclase.  and  nun'li  hiotite.  The  feldsiiars  are 
generally  altered:  and  the  phiLrioclase.  wliieh  is  about  oligoclaso. 
shows  no  zonary  liaudiug.  Tiie  quart/,  is  in  smaller  grains  of 
irregular  outline,  interstitial  lnlwccn  the  feldspar  crystals.  Brown 
bioliti  and  a  few  shreils  of  mu-coviti'  give  evidence  of  pressure  in 
the  bending  of  the  crystals.  Angite  is  a  variable  constituent,  being 
lacking  in  most  spocimens,  but  pvcsint  in  <'on-iderable  amount  in 
saiu|.les   tiiken   from    the   neighbourhood   of   .-^iwasli   creek.     Of   the 
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■'>■'■<  —ry  .■...i,|i,,irli|..  ,.|,i,l,.,,.  ,,  ,1„,  „,.„t  ..l,i,ii,lni,t.  Ma;.  :..•!  il,.  i„ 
w.  11  .o-.-tnlli/,.,!  in.livi.lu.iU  ,,  t-iirlv  i,l,nM,iant.  a|Mt,t,.  .■u,.i  ,-,,li,. 
tllllcll    li--;    ^1.. 

A-  ;.   rill,.  Ihr  rurk   i,   Ir.-h,  ,,1,-1,  fv,.,,t    (..r  !i,.-  ,  ,nA,.-       -I„,w, 

littllt    (!vi(|i;|iif    (if   <lrl'..|i:|)(.-ilii.Ii, 

A   ^an.pit.  tMk,.„   ,ro,„   Siw,„h  .t,..!.   :„„1  aM:,l.v.s..,l  in   ,1„.   |,|,„,„. 

'-■.V   ■•!    .I..-'    Min,..   Hr,nrh   l,v    M.    K.   ,•„„„,„.  ,,i,„,  „„.    ,,||„„.,,_^, 

rlicliilr  il    i'nll,|liisiti(Hl  : 


Sin.,. 

Al:U,.,      . 
ri';0,     ... 
K.<»,    , 
MkO 
Cal*.  .. 
NiiO    . 
K.O... 
Hof .. 
Il.n-.    . 
Til),  . 

.Mm(i  . 


14  II 

i:  II,-, 

I  ,V1 

.'  Ill 

I  J^ 

4  JS 

r,  h; 

I  4^ 

II  :•. 
n  iij 
II  i.'i 
II  :ii 
II  ii:i 

!HJ  L'l 


Tl.1^  a.mly.i.  «i.  .ws  ;!.,.  rork  ,„  1„.  ■„  „.pi,,;,i  f„,,>„„liori„..  n,„i 
nmn.iiL'  very  -li^o  to  tli-  luvnii;,.  ^'ran,„!i„ri„.  ,,  ^Hv.-r  bv  Daly' 

rh,.,„i,.ally  it  i,  vory  i-l,...  u,  t!.-  ty,,„Ml  .nunMiorit,.  ■,.  .Iwino-l 
li.v  l.n.il^'n.,,'  i„  tlu.  Oi.liir  -li.triH  of  Caliloniia,  an,!  ,1,,,..  „o,  vary 
iMiii  tl.-  ainii,v.ss  of  that  mck  in  aii,v  niai'k,.,!  ,|,-iv,  ,  |i  ,-,  ,„l,i,... 
also.  ilioiiKh  not  so  .•lo.c'ly.  ,,  ^^rano.iiorit,.  .jrs.Tilu.,!  l,v  (I.  ().  Smith' 
Irom   .Mount  Stnart  in  \V,,,iiini.'ton, 

The  n,o,<t  oviilont  .■!,ara.-t,.ri,.tirs  of  this  loi-k  a-  oxhihit,.,!  l,y 
the  choinioal  analysis  an-  its  hijih  con'mt  of  ji.nr.  ai  I  the  o.xoe-s  of 
soda  over  iintasli. 

Areor.Iinp  to  the  Quantitative  (^:a<<itieation  the  ruok  is  yellow 
atoHvisp. 


STIfl  (  Tl  li.vl.    HKI.\TlnNS. 

^"''''■'""'■—The  Kafrle  -ran<i,liorile  i.  prohaMy  tlie  host,  expoM-I 
formation  in  tlio  wliole  sheet.  It  everyuher..  e.xliihits  n  hroken. 
uneven   -urfa.^e.   nnil   has  ;;enerally   only   a   Mi-ht  eoverin?  of  soil; 

■.■\vrnilto  fhrmical  rompoMti,,,,  „f  Iirninus  Ti,„k  tvp.-:     1'n.r-.  .\iii,  ,\ra,l     of 
.\rt  ami  Si'h'ncr,  \  ol,  4.1.  No,  7, 

=  r.S.fi.S.     I4tli  .\nnual  Iti'port.  Tart  U.  p.aKC  2,5.5. 
M  ,s,f.,S.     Mount  .<tuarl  I'olio.  No.  lOti.  pace  5. 
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<'i.ii<oc|iiriitl.v  It  ilnr-  iiMt  -ii|i|.i.rt  II  liiMiriiiiit  ti.rc-l  (rruwtli.  Wlicru 
4'X|poHii|  it  trii|U('titl.v  \  latlur-'  .Inwii   <<<  a  i-'^ur"-  IVIiUiiaflii.'  miihI. 

DiM'oiiipii^itiiiii  u^  a  rn\r  'loci  not  >j"  ilii1il>  in'"  *l"'  rnik.  ami 
tliiTo  i-<  nil  ilittii'iilly  in  iil.taiiiiiiir  Ircsli  -i»Miniiii.. 

A   Will  ilrv.-lnpcl   t..liat((l   -triirtm.'   i-  ■'  apparrnt,   partini- 

larly  ..ii  it-  cMntait-  willi  ui.l.r  r..,k-.  Tlii^  -tnicturc  it  jf<'ii<'riilly 
ia.klnu  li..vvivii-,  in  •iiitral  pail^  .it  'lie  l..'l.v.  ami  ciin^i'iiiU'iitl.v 
inav   hr  lUu-   iu>\    t.i   lain-  -pir./in^f  nt   tli.'   pm'U.  lull    imir.^  pri)lmlily 

to  Miii.f  iiiovrnifiit  aloim  lli< la.'t*  at  tlii'  linn    of  inlrii-ioii,  wli.Mi 

till'  roi-k  \va^  ^ojidil'.vini.'  I'roin  a  -tatf  ot   I'li-ion. 

Tlu'  (jranoijioritf  i^  Iravoi^.il  l.>  nnnnroii-  -in«ll  ipiart/.  vrin-i, 
and  \>\  a  f.u'  marsr  iHK'iiaitil.'  li.vki-.  .lointlnK  is  wril  .l.vrlolM>.l 
in  two  main  ilincl  ion-  wliirli  arc  tran-viTM'  to  the  plane  ot  foliil- 
tion.  -ria-i-  joint  piano,  ..irikc  N.  >«  K.  an.l  S.  :;  \V.  In.-ln-ions 
ol   till'  intrn..iil  roi'k-  arc  very  i-.nnmoii   nrai niaol-. 

Kiirni'll.  Till  oily  o'ldiT  Mrk-  with  ulii-h  tlio  Kayir  Knilio- 
lii.iritf  i-  known  to  lio  in  ilirr.i  r.aita.-t,  ar.'  lUo  intri-lioililcd  liiiu' 
stones,  art-'i'lii. -.  ami  volranie  roek-  o|  the  Tiilanieen  (.'Map,  wliieli 
liaw  keen  provi-ionallv   r,  rrelated   will,   llie   .\ie,,|a  -eiies  and  elas-i 

tied   a-  Tria-ie   in   a^e.      Tlu-e   1 ks  kord.-r   ilie   l-'.a^Ie  yranodionte 

(/n  iN  ea-l  -ide  Troin  ..ne  end  ol  the  n  a],  lo  the  other.  The.v  also 
lie  on  the  we-tern  l.onlei  in  nio-l  phiei  -  wlieie  thi-  hordiT  has  been 
examined. 

t'onlaet,-  in  the  l.e.l  ..I'  Tidameen  river  ami  on  Ka;fle  creek  show 
il  /.one  oT  hreceialioii  -e\eral  hundred  t'eit  in  width,  where  the  Kajrlc 
j:ranodiorili'  hold-  auL'ular  iuflusioii-  of  llie  I'ldamcM  ii  roek-. 
.\|iM|,h.v-e-.  oi  tia'  maiiodioiite  al-o  tra\ir-e  the-e  roeks.  lyinir  I've 
qllelltly    in    the   l.e.ldim;    plane-    n|    the    >tralitied    roek-. 

A  Well  e.\p..-iMl  cutael  of  I'iaL^li-  ;;  ra  no.  I  i.  .ri  I  e  willi  inlerhedded 
lin:e-l..lie-  an.l  -i-lii-I-  app.ar-  ..n  a  Lram-h  ..f  Hear  ereek  ahout  a 
inili'  n..rlhwe-t  ..f  Law-  .•.imp.  I'or  ah.iU!  l.ouu  f,.el  ai.mir  a  line 
at  rii;hi  ani.de<  to  lli.'  ::vmr.il  -trik.>  ..f  lli.'  ."Ulai't  th.-r.-  i-  a  /..ne 
i.f  nii\e.l  ro.'k.  mad.'  up  ..f  anuul.ir  lrai;naiit-  ..I  lina'-i'ii.-  and 
,,-!i;-l    in    a    malris       '    i: raii...li..ril.'.      lo'ini;    Ir.^m    ih.'   ^ran.'.liorite 

I. .war.!-     th.'    -Iralili.   I     r.i.-k-,     in'-lM-ion-     h m.'     ii  ..re    an.l     nairc 

aliMli.lauI  until  lhe.\  form  tla-  yr.al.r  pari  .  f  llr-  i...-k,  after  which 
one   [Ki--es    int..   a    /..!!.■   wlaT.'    th.'   :rraiio.li.,rit..   api>i'ars    merely   as 


II  l,\     H  \    uisiui       .    11.  c. 


Tit 

I'lrr    ,ir,.    i,..t 


■ '.■"'•<■•     in     ll„-     !irri..|,.i„..    ;,,„|    .,  |.,.,._    ,,,„)    , 

I'r.k.ii    int..  I'rii(firi.iit  . 

In  lilt,  inner  .■..nii.ct  /,,„.,  ,„.  ,|„.  „,„,•  .,i   i,,.  l,,-,,.,,.,  ,|,..  ^-r,,,.,. 
■'"■nl-  i.  of  rlu-  r,..r„.„l  kn„|.  .•,.„,.,,  ^^,,,.,.1  „,    ,  -,.,„..wl„„   l„li.„.,| 

'"    ''"■  """•■•  '■""••"■'    '■""•■   ■"  '■•' I    .|-l'l.v„..,    i,    |.,„.,„ ,i„,, 

L-rau,..,l   tl.„„^l,  ..,.„(.,, „inu   ll,,.  ,,,„ .,li,„.,.i-.      •,    ,.   ,„,,   „„„.|, 

"""' ^'■'"'""'  '•>■  •!'-  i-"-n-;..n.  .,,,.1   1V,.,„  ,|„.  ,„ii„„,„   |,„| .,1   ,„ 

it.  ni'P.Mr-  t..  hnv,.  I„.,.„   -,.„„.wl,.„   vi-,.,.„-  ;„   ,|„.  ,i,.„.  .,r  .Mtru-i.  n 

■Jlir  .Hht.iri-   ,.i    il„.    |.:„y|,.  ^.nirM..|„.-;t,.   Mill,   ,1,..  r„,.K,   ,,,■  ,|,. 
TiilnircTh  uroup  mi  KukIc-  creek  an.l  Tulai„f,.>,  nvor  .l„.w  tl,,.  ,„„ 
"•■'"• ^-       \\'l'"'-'--'-    '1'-    ..•„„...|,..r,.,.    .„ .,     |„    ,|,r,„.,     ,,„„, 

».th     tl,..     I„.,|-     .    ••     li„:,,-,..,.,,     |,;,M.U     .,1     ,|.,,.k      ,V.|     ;r,,,„,t,.,     ;„ ,,,„. 

"''''   »-''"'■'■"  '■!■  ■"•'■   -"•"   I'T,,,,.,!    ,„   .1,,.   l,„„.M..n...      WluT..   •- 

'■""""■•  ""■'"", ...-(.lu-n,  I,,,.  „.,!   I,,,.,,  -,,  .Arr.n,.    tl„.  li,,,,-!..,,,.  -in, 
'"'"""■-      <T.v-tMlli,„..        TIh-     ,|,...,i    |„i,-ni      ..1      .TV -I, I,     ,,r     l,i„.„, 

^■■"""'■"''  "" ^1'  'I'-  •■■•y-Min.^    1, ,„,-„,„.■  -uL-.-t,  ii,:„  i„  ,! 

'"■"""■'■•  "■'■'''  """•'■   '"•'■" '■  1-  -■•  (•..iiIimmmI  .-..nt;,.!    ,,.'li,.„.  ;,   ,r  . 

iiiic  I   si'liijt  ri.inht  he  fnnuoii. 

'lilt    .l..v,l,,|,m,:.i   ,.|   1,1. nil, I;, ni    -illui.anit,-   in   -..„„.  ..I   tlu    ..lu-i 
ilMli..,t...    ;Ik,:    tli.M-    r..,.k,    uv,v    n,i;;nn,ll.v    infill,,..  ..„..    „,„1    i 

'"■'■"    ""■tmnorpl,..-,-.!    I,.v    ili,-   |,,.,i    .,,    ,|„.    m, ||, ,,,,,,        i  |„,   ^  ., 

-Inn.-.   M,   ;i    rnlc,    i,  .v,.    [„.,.„   ,i„;|,|^.   ..ry^tall v,-.|    „o.,r    fho   ,.r.„t,„ 
lli..ii^'li    ...•.•.iM.iimll.v    iirin.    ,ili,.ai..s    Imvo    b.-.r,    ,lov,.|,,j„;,l    m    : 

''''"'-^'  •"■'•  ■'!- M-i...i;.ll.v  ru,   |,v  -mall  ,|u;,,t/  -tflniivr-.  ,n,. 

'■"'""   ''"■-'■^ ■''■■>il''  ii'^i^in.i.      A-   :,„   ,,..•.„■  i.aniuunt   ..I    ti,. 

■ii-rit.'  ihtru,i..ii.  inin..|aii/ali.,n  an.l  r.  |.la.-,-in...,t  ..f  tli,.  h,.  ,„,. 
I.y  -iil|.hi.l,,  lia-  ,.|,j.,i  l„.,.n  iinp..rlanl  (.h„Mf;li  I,,  |.,rni  ...v  I..  .  „|' 
.••iUm.rvi'ial    \alii... 

I!. .Ill  th..  j.;ni,i,..|i..i-iir  an, I  tin-  inlni.jr.l  r-...'K,  aiv  -lii.aivl  ami 
-li.-k..n>l.li.,l,  an.l  ,!„.«•  >.,in..  la. ill  m-  ai..ni.'  Im...  u  i-ii;lit  aiiLri,<  t,. 
lii"    I'laii..   ..f    tiir    .-.mla.'!. 

I'li.-  ivlalion  .11  tho  |.:a:;lc.  f;ran....li.i|-iro  t,,  tlir  |,yiM\,.ni(..  an.l 
!•' ri.l..rit..  Inniiati..n-  lia-  imi  I„.,.,i  .|,.!niii,.i.v  -,.ii|..,|.  l.m  .viTaiii 
'a.'t-  .ai-,i-vr.|  in  llii.  na-k-  i„.a|-  ilir  111..111I,  ,,1  KaiiJ,,  ,.,.,.. .k  -i.-in  I.. 
t!!i-,.u-   -..1,1,.  li^lii   ,.n    il„.  -III,;..,. I.     On   t! .,,,   ,j,|,.  ,,,    |.;,|„,|^,  ^.|,^,^.|^ 

■""'  •'''"'"  'I'll''  •!  nil'-  :''>'>^o  its  niniitli  suinc  -null  \rin-  <.f  .innrl/ 
"'■'■'■  I"'""'  '  i:lliii,i^  tin-  |.,ri.l..tilr.  I'..!l,.u,.,|  u,.-iuar,|  i„war.|i  tlie 
i,'ran,..liorik.  ||.,.-,.   v,-in-   .liani;,.   in   .■liara..i,-i-,   an.j   larfjo  plirnncr.y-t.^ 
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ul  lijiiiii.  :iii<l  liil-|Mr  ,i|i|i.-.ir  III  ill.'  iiniirt/.  Kat-ilii  r  iii  llirv 
rliiiti«i'  III  l.\|iii;il  Kri'Iiil'  |iiir|ili,M.V  i.inl  ii|i|ii'iir  ««  if  ltii'.V  llliRllt 
|iii«..   utiiliT   till'  iliili.   ill!      lliii    Kiiyli'  jniiiiiiliiirilr.      .\liii.iu«li   nut 

inlllllHliiii-ly    rN|iii-ci|.    ..ii|.  |ii|i-.    Ill'    llli-f    M-ill-    iiri'    -11    r|ii-li    Idlii'tlllT 

lli.Mt  lliiTi'  ii|i|HMr«  111  )(■  lilili'  ilmilil  III"  lliiir  'iiiiiiinilv  Mini  uf  ilirir 
nriuiii    ill   till'   k'niti'iiliiiriti'.      If   llii'.v   Imv i-  iifiiriii.   llifV   nlTuril 

miiitln  r      ill.-.lllliri'      III       ;i|i,.|i|iv  .••>     rr.illl     m     ^;iiiiI|.      Ii.hIv     |iii^«iim,     ill 

ili<tiitii'i',  tlirmu'li  LiiMiiiii'  |iiir:ili,vrii'«  ititu  trni-  <|iniru  M-im:  iiNo 
llii'\  iilfiiril  pn-iil  ihiil  111'  l-!iii;U'  irrMMmlinriii'  li-ilniii:-  in  n  latrr 
pi-rii  il   I'l    iiili'i-i'iii   lliMii    llii'   |ii'iii|i.|  ill'   mill   I's  f'M  iiili'. 

Aii'ilhiT  fiii-i,  "li-ii'M'il  ill  .1  I'oiiit  jii-i  .ilii'M'  ilii'  fnrk'^  of  Kiifili- 
riirk.  i-  -i(.'!iilii-;iiil  iif  till'  ril:ili\i'  iiKi'  uf  tin-  Kaul"  urniioiiinritc. 
A  -ihmII  iii'.iirii|i  lif  |i\  i-iiM  liiti  ,  I'I'i.IimIiI.v  nil  .i'-li.i.ii  fimii  ilic  iiuiili 
I'liily,  iipi'i'iii'-i  ill  I'l'i^i'  |irii\iii  ily  in  nn  i.uli'ii.ji  uf  ^'raiiiiiiii'i'il''  Tin' 
P.vr.i.Niiiilc  i-  Mi'iii'lii'i]  mill  ,'illrri'il  In  :i  linlit  riilmiri'il  liuly  ro.  k.  lu 
if  liv  riiii.irl  willi  llu>  t;r.iiiiiiliiirili'.  Tliis  :il-ii  wniilil  siiLip-i'-t  tluit 
ill.    i-'mi:!.    j.'r:iiii>iliiii'iir  u iw  iiiirii-iw  iiii.i  ilir  i.ynixi-iiiti'. 

I. lull'  I'viilcnri'  lii'iiriu::  "ii  llii'  rrl.ilinii  i.f  lln-  {■"auli'  Ki-.uin- 
ili'iriu'  111  yiiiiiiiiiT  fiiiiimtii'ii''  <'iUi  I  u  iihtiiiiiinl  iii-^iilc  tin-  limit'*  rif 
till'  'I'aliiiiiri'li  ^liri'I.  I'll  tl.i'  ui'-tiTii  I'lJKi'  I'f  llii  iMii-i«.  at  llu'  lii'ml 
uf  KuL'li'  rro'k,  Ihc  (irriiiiuiliuriti'  i-  uViTlaid  li.v  viiipiiiiio  rock».  "iiiili 
finiii  llii'ii'  atliliiilc  ai!il  .^iriH'liiri'  apiii'iir  tu  lu'liing  In  ii  liili'  ToT- 
liary  flair.  1  lie  iiliitiun  i,f  llir-c  Uvu  luriiialidii-*  lo  t'urli  ollli." 
iiiilirali'~  lliat  I'll'  vuluanir  rui'k-^  wcri'  i-xtriuir.l  nwr  'lie  ^llrflU'c  uf 
till'  yi'aiH  iliurili'  >uim>  liiiip  iifliT  its  iriuiiliuii  ami  afliT  it  liaii 
sutTi'i-ril  ruiisiili'ialili'  orosimi. 

Oil  till'  lii>ailwatpr.-(  of  the  riilniiii'fii  rivor  is  a  -^('rioi  nf  Crofa- 
ri'.Mis  scliii  .  iil.>  I'uii.-iiiiiii.'  t:i  -l.ali'-^,  >aiiil.-tum'-.  ami  I'lirifrloiiiiTati'.-i. 
Tliu  lia-'al  l>i'il  uf  tlii-i  ^i'r!i'>  i-.  a  vulranii  hri'i'cia  lyiiifi  lipneath  a 
riar-i'  .'uii>;!uiiiiiali'.  On  llu'  ra-h-rn  u'Il^u  ui  lln'  ( ■ri'ta"i>oiH  liult 
tile  bri'i'iia  is  in  iliri'i'l  I'uiilaci  with  :i  -lioarcil  i)ml  ^riirissii-  prnnitio 
rik-k.  wliii'li,  tliiiiiirl'  iiui  'iriiially  kimwn  tu  ho  I'uiiiioctc.!  with  tiii' 
I'"aj;li'  yraiiuili'  rile,  i^  'o  iIum'  tu  i'  nnil  at.  tin'  .laiiic  liiiu'  so  like  it 
in  (zriii'i'al  I'liaractiT.  that  it  was  cunsiil.'ri'il  to  l.u  the  same.  This 
(■(uiliu'l  >liiiv,s  till'  lirii'iia  111  liavi'  lurii  laiil  iluwii  as  a  snrfaco 
dt'posit  uh  till'  lull  ul   ilii'  ^riihuiliui'iti',  an. I  IIh'Ii'  is  na  eviilcnco  that 

the   giaiiuiliui'iti'    is    iiiirii-iM'    iiitu   tliu    lii ia.      The   eunrluirorate. 

ul-u,    wliiili    lies    iiilifui'llialily    almvi'    tiiu    lii'i'i-ria.   I'ui.laills    pelihlos   uf 


k!tc,fti,        »*■'«;.  i^Sr. 
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SI 


u    r..cU    vvliirli   MiUMMi-   III   ',!■    j.lciiiinil    will     ih..    K.ial-   irrati.Hli,  riii- 

All.iir.'llHT    the    rx  iilfiM-i.    •  .L't;i-.f<    tli^it    tli.-    |-:,,jr|,.    L'riiii...|i..ril..  w.i, 

ilitrink-.l    priMr   (,.    th,.  .|..|i..-;ti..ii   of   rh,.   OrM.v.MH   -•litn'riN.  Mihl 
nmy  In',  llicri'fdic.  ..t    hit,.  .Inrii-M,'  nx'-. 


M"iii;  Ml'  i.iiii.iN. 

Tho   luitiir..   ,,f    111..   ..rii.'in    ..t    ih,-    h'.itrl,,    i;r.iii.Mli,,i-ii..    I-   .|,.t..r 
i.niH.i  fruni  a  Mn.j.v  ..(  it,  .■nntart,  will.  r,..i-  tlir.uKli  whirl,  ii   l,„, 
bnii  tlTH,t.      It,  -i/,.   i-  l.ath..litl,i.-,  an.!   it,  Mh„l,,  ,,l'  nri^i,,    i-   i,|,.,i 
li.al  «iil,  that  „<  ..ihrr  iMihuliilii,.  r.»l,-  n(  thi,  ,,r  ,o>y  nih.r  .rKimi. 

'"   '■"■"'"■'    ;■• ■    with    ih,.   r...k,   ,,t    ih..   ■rulaiii.Tii   ttr,M,|,.   „,   aln.a.l.v 

tii-cribf,!,  .•..x.T,  a  h-h  ...i„rtii,„.,  iiiiMi  IV,. t  ii,  wi.lth.  Thi<  Ldt 
'•an  I,..  (|ivi.|...l  i„|n  ru,,  /,,i„., ;  naiih-ly.  a  /,,m..  nf  ii„|,|.l...|  tra« 
iiriit^  ii,an-.|  th..  »;raiiM,|i,,rit,.  it.,lf.  uinl  a  /(,i„.  ,,f  apni.hy.,., 
faith.. r  aw;.,v   l>.  in   ih.-  rrali. ..!!.. rite.      A-  .|,.^.-rihi..|  hv    Dah.    Ilarnll. 

•'"''   "•!"  '■'   il'   'I-''   •■« (  silMilar   ii.lriiM..|i-,   ihr  ;;iaiHH|i,,rilc   hatho- 

iilh  I,  l„.|i,.v,..|  In  hav,.  -luwly  w..rl«..|  i|,  way  ii|,war.l  fp.in  th(. 
hiiili,!   Mil,.ri..r  ,,t'  the  ..arth  thruiit'h  thr  .hitI.mi,-  r...-k.  ,.\   ih,.  „,li,| 

••rti,->t.    hy    ..tM|,i„K   otr    (tixsx nt,    n(    thcMi    aii.i    |.y    tillink'    ilir    -i".^  ■ 

lorini.rly    ,,.,.|i|,i,.,|    hy    Ihnri.      Tlir-r    fra-in.Mii-    .,.tll,.,l   ,|,,wi,war.l    in 
Ih..  iiioltin   iiKi"  nl'   |l„.  ni-.nHMli,.|.ii,.  iiiamiia   aii.l  wvw  aii-..rl.i..l   an. I 
IHThaiM   i."iiiii!atc.l    hy    it.      As    It    a-...n,h.,l    hi^h,.,-   an.!    hli..h,T    intn 
th..  ......l.T   r....ks  c,r   th,.  ,,uliT  .TiiM    -h,.  nrati,..|i,.rit,.   ni^.^jnia   <l,,wly 

h'-l    it-    hi.al    until    it    .....il,.,|    -iilli..i,.|itly    t,,    -,,li.iity,      Th,.    r.M.lin- 

wonhj  ,.,,n  in..n,-<.  ,ai  tho  ,.iit<-r  .-.la:,.  nf  thi-  npri-iiiis  nia-,  whil,.  tW 
■viitral  |.,,rti..i,,  y..t  i.,.,naiii,.,l  lluhl.  I'p  hahly  hy  ,.,,„,.  ni..v,.n»^iit 
>n    th,.    ...ntral    l|„i,l    part-    ..f    th,.    ,„a^s    a    ,s,.hi-t,.-,.    ~i  ,n,.|inv    was 

'"■'" I    i"     'I"'    "iit'i-    »i-' -    -h.  II.    t;i\iii-    'h,.  ,.|r,.,t    u,.   n,,w   

in  th,.  ,,ut,.r  /■.ii,.  ,.l'  'h,.  uraii...liMi  it,,  lonnathm. 

Whil,.  th,.  uranu.|i,.i.it,.  inairma  was  -l,,wly  ri-in-  in  th,. 
'■hanihi.r.  ..tV-h....t,  u,,nl,|  pr..Minnihly  h,.  s,.Mt  tMin  It  int..  lli,.  a.lja- 
.■|.|!t  r.M'ks  I,,  turin  th,.  i;raiiiti.  p.jrphvri,..  th.it  wr  n.,w  tin. I.  (mT- 
-h'".ls  of  thi>  Idn.l  aro  ii-iially  in..n'  a. -hi  in  i..anp..siti..n  than  th.. 
iiiaiii  h.nly.  thi.  ;.i.,.iti.|.  ai-i.lity  |.,.inL'  a..,-..uiit...l  f.,r  hv  thr  ri-,.  ,,( 
thi.  a.-iil  li-ht,r  part-  ..f  thr  n  i.-nia  tnwar.l-  ih,.  iipp,.|.  p^rts  of  thi. 
.■laimh,.r.    whil,-    ih..    h,a.I..r-    nam-   ha-ic'    puflion,    r.^nialrn-.l    Inflow    it. 
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Aia:    \M>   inlMiKI.MIiiN. 

All  ill.'  .n.iihililc  i\  iiliinr  tli;il  lias  In  iii  nlilaiiu'il  uu  wlik'li  to 
li\  ihr  iiui  mI'  ill'  l-:;ii;Ic'  ^r.nmiliorili'  iiitrii-i"ii  lias  lie  nivoii  in 
I'l'i?'!  liiiiL'  -cili.iii^  lil  lliis  ri|Miii,  'I'lu'  rvi.lfiHf  may  1k>  ciiuiU'TUtod 
ihu-:  ><i\  the  in'ail'vati  rs  dl  the  'I'lilaiiii'iii  rivi-r  fossilit'eroii.-i  lower 
Crelaceous  I'lieks  re-^t  lun-ciiil'iriiiahiy  mi  the  Ivmle  irraiMiliorite; 
the  Kiif;le  grauicliiirito  is  intrusive  into  tlio  straiitie.l  n.'-k.-'  ot  the 
Tiilanieeii  trrou|v  wliieh,  tlmusU  they  liavo  yiel(h>(l  no  t'"->ik  i:ii  to 
(hite,  are  lithohiL'leally  >iniilai'  |o  'I'riassic  roeks.  'I'his  jilaees  the 
Kafrle  jiraimiliorite  in  the  Jurassic  pevioil,  aiul  it  is  jilaeeil  in  the 
n|i|)er  inirt  of  tliat  perioii.  l)(>c'a\isc  llie  IJouliier  irranile,  iieriilotite. 
livriiNcnite.  ami  aiiLrih  syeiiile.  all  rererreil  t'l  the  --aiiie  i.eriod,  are 
older   than   it. 

I'laeintf  the  i'la^le  .ixran.'dlorile  in  the  .Tiira-^ie  periiid  is  uniii- 
valent  to  •■.uTelat  iiii;  it  with  the  Coast  KanL'e  Iralli'dith  and  the 
numerous  other  hath.'lithie  liudies  that  are  nt'ern  d  t..  Ihi-  perhid  nl" 
itrneous  lu-tivily. 

Cedar  Volcanic  Series. 


Ills  I  lil  111  TloN. 

The  roek-  ef  the  Cellar  vnleanie  series  .■our  a  L'real  part  of 
the  eastern  half  of  ill.-  I'lilaiiie.  ti  disiri.'t.  I'..>inir  .me  of  the 
\.4injjre-t  forniathms  they  parllv  emer  s.ime  of  the  older 
roeks  and  are  themselves  covered,  in  tlie  s.mtheni  part  of  the 
dislrlet,  hy  the  roeks  of  the  CiMwalii-  -I'rit  s,  wliil."  en  the  north 
tlii'y  are  intrude.!  by  the  Otter  srraiiite  ami  have  pr.ihahly  hecn 
rcdueeil   ill   ar.'al   extent   hy   it. 

Four  separate  areas  of  tliis  series  have  been  outline.!  on  the 
L'eolotrieal  n.ap.  A11  of  these  areas,  however,  were  prohahly  at  one 
tiin.'  e.iniie.'leil  with  ea.li  oth.  r  and  fi>rn  .-.I  ..iie  larir.'  slit>et.  whiidl 
.-trelehes  far  to  the  north  of  tlie  present   map. 

The  lar^'est  of  tlie  four  areas  lies  to  tlu'  east  ..f  (Iti.T  vidley.  on 
til.'  hea.lwat.r-  of  "Maniiiii'-'  aii.l  Co.ik  .'re.ks.  This  area  covers  a 
l.'iuilli  of  ahout  10  miles  and  a  rreate-t  wi.llh  of  I  miles  inside  the 
limits  of  ill.'  shix>t.  A  small  area  eaps  ih.-  suimnil  .if  Ott.r  ni.'Un- 
taiu.  .V  tliir.l  lies  to  the  west  of  (ttt<i'  lake,  eaverinir  the  t.ip  of 
Kill. led    iii..untain,  aii.l   .i   fourth   lie^  to  the   -..nth  .if  the  Tulaincei* 
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Mil.'ey  in  tlio  IniMiis  nf  (',.,lar  ,«>,  k  ami  tli...  \,,i-ii,  K,,rk  ,,t  Crmit.. 
'■i-.vk.  Thr  ki-^t  iiiriiiiniH.  i  ar.  a  .■M.^ii.U  - .-il hw.ir.l  li.y-n.i  tin- 
liniip  nf  the  map.  :iihl  ii.  nri-inal  niifr.)|iinii-  •■xcut  ha-  Ircu 
^niiieuliat  rclur.  i  |,y  l.,.;i]-  .oui-.l  |,y  later  ^.  .li:i  iiitiry  ro.k-.  Tlio 
t.ial  urea  i,f  tlii-^  .<.Tir>  a-  iiaiip,  .1  i,  ain.^t  :'ai  -qaaiT  mil.-. 


l.lTIUiI.dca. 


'I'l..'    C.lai-    \,.l.-ai,;.'    >r 


111-    I-   iiiailr    ii|i   <--iiitialiy   ••]'    \.picanic 

uiaiiriaLs  liiai   lia\u  hr,  a  ,-.\tMi.|c,|,  i„  a  n l.,r  of  c.uMTutiv,.  il,K<. 

..VI  r  i!u.  siirla.-;..  Tii,.  ..tld-i.  i,  ,.|  ih...  hiva^,  h..w,.v,T,  wa.  aovm- 
''•'""'''  •'>■  ■•  '■"■■'!  .I..vvuu-ar|.iii-  ,,(  ill,.  -m-lacT  in  ila.  .ii-tri,  i  i,.,u- 
■  •.'Wn.l  l,y  ill,.  -,.,|ii,!,.,itai-y  vn,-l^  ..(  i|„.  ( ■,  .l,hvat,.r  <rri..-.  S,.m,.  ...t' 
ill.'  lav;,-;  .,1  tl,o  (.'..jai-  v,.|,-anl,.  -,ri,.<  il,,w,.,l  ,ait  int.,  ihi^  ,l,,wii- 
uai'iHMl  ai-.'a  al'l..r  .-..linii-iMal  i,.n  lia.j  Ih.-iip.  in  it,  -,,  ihal  a  l',.\v  {...-t 
"■'  ''"•  '"^^'i'  I'.'i-I  "I  ill.'  <'..M«ai,.r  -,.,liiiu-iiN  ai',.  m.,w  t'...iii,l  ini,.!- 
l..'.|.l..l  with  tlu'  C.lai'  v,,l,-aiii,-,  TIk-..  fVw  iVrl  v(  th,  ( ■,.I,hval,.r 
f.i.'k-  ai'i'  m.t  ni  iri'rai  .-u,,!!;;!,  liii.-kn,--  tliai  tli.y  .-..mM  1,..  -liowii 
..II  the  ;;,...l,.,-i,ai  mai),  l.ul  llu-y  liav.-  l,,,.,,  |,,uim1  in  hail'  a  (!..z,n 
Iilarcs  t(i  the  wi'jf,  ii,.rthw,'-t    an, I  s,,iitlm.-f   nf  tli,.  an-a   iiiai.|.  .1   a- 

t',.!,Uvalei-.    an.l    have    iher..    I n    in.'in.l.'.j    in    the    Ce.lar    v.,lcaiii.' 

M'l'ii-  an.l  inapi...,!  a>  >.i,-h.  With  that  ,.N,',.pti,.n  tli,.  (',.,lar  vel.'ani,. 
M.ri.'.s  i-  whiilly   \-iili-aiii.-  in  ..riLiin. 

Ill  t^i'lieral  the  r.i.'ks  ,,l  th,.  C.jai-  v,,l,aiii,'  -erie-  av,-  ,!ark  iti 
I'lile'ir  an.l  i.f  ha<ie  ,.r  ni,.,|iiin.  ha-h-  ,',,mp..-it  i,.n.  They  ram.','  Ir.nn 
.la,'iii.-i  (.,  ha'.ialts  with  a  str.mir  pi'i'iu.n.l.TaiK'o  ..f  amlesitie  i„.,U. 

J'h,"  -;,.i-ie-i.  heinu'  iia.!,-  ii]i  .,t'  siie,'.-,"ive  ll,,ws  el'  v.leanio 
niai.i'ial.  einatiatintr  perhaps  ireni  a  nnnibei  .,t'  s,)iir,','-,  naturally 
.I..e-  n.,i  -hew  the  -am,"  s...pi,'n.-..  ..l'  he.U  tlirf)n!,'h..iir  th.-  wli.,le 
<.'i'i.'-.  L'his  ,u-,.n,i'alizali.in.  h..w,'vi.i-.  li..l,l-,  thar  th..  m.,re  ba-i,' 
map. rial  eniamite.l  lirsl.  an.l  11,-  iti  th,.  Iwileni  l„..l-.  wliil,>  L.war.ls 
'h.'   I'.p    ih).   he,ls  li,>,-<iin,.  >hVlilly   ni..re   a. -hi. 

(Ill  the  n,.rtli  an, I  w,-i  -1,.|„.-  ef  .la.'ks..n  iiieuntain,  where  this 
-,  rie-  wa-  he-t  stnill,.,l,  th,'  i,.w,.-l  h,  ,|-  w,  r,.  t,,ini,l  (,,  1,,,  ha>alls 
aii,l   .-nine  linv.'ia. 

A    fr,i,i,l    expe..JUr(.   ef   hn ia    i>   -eeii     ,.n    til,'     li.ar    Cr.vk     Hai:..n 

fiiil.  ill  Ihe  aii'^h.  hetween  the  Tnlaiia'.-n  an.l  ()lt,-r  vaUev-.  'I'hls 
li'.l  i-i  ,li-tiiie||,v  -tralili..!  an.l  w.'allier-  !>.  a  .lull  r.'cl  eeleiir.  It  is 
?..tt   an.l   friahh'.   ami    1<   nia.l,'   up  .if  anrnlar   fra;;n;ent-   i.f   veK'anie 
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rn  •k'i  ■if  ro<l,  pnvii,  uiid  lilnok  oolours  in  a  mntrix  of  andesitio 
iiiaturial.  A  lirrci'ia  of  soiiiowliiU  similar  clmraoter  ami  in  the  same 
stratipraphic  iio>itiin  oiitcrups  in  tlic  North  Fork  of  (iratiito  (•rtx>k. 
Tliisi  is  traversed  hy  many  small  veins  of  caleite,  which  eemt-nt  the 
fratri'ieiit-s  tofjetlier. 

Tlie  liasalts  of  tiie  Inwer  part  of  the  series  are  dark,  tine  grained 
roeks  whiili  show  a  vesicular  texture,  esiiecially  i™  weathered 
surfaces,  and  are  often  traversed  by  small  veins  of  chalcedonie 
quartz.  In  stnicture  they  are  massive,  and  freipiently  show  a  well 
developed  eoluiimar  juintinf?.  They  are  soft  and  weather  tiown  very 
easily.  Tht  iiin  seetinn  shows  small  acieular  needles  of  plagio- 
clasc,  sn:all  rlion:lis  of  pyro.xene  and  an  oceu-sional  large  feldspar. 
It  is  full  of  amygdules.  and  slmws  niiieli  magnetite  and  some  glassy 
base. 

J£ooks  on  Otter  mountain  and  in  the  basins  of  (^ook  and  Mann- 
ing creeks,  belonging  stratigraphicaily  to  tiie  .same  horizon  as  the 
basalts,  that  is  near  the  bottom  of  the  series,  are  as  dark  in  colour 
but  more  acid  in  composition.  They  have  a  well  developed  porphy- 
ritie  structure  with  plicnocrysts  of  plagioclase,  a  little  orthoclase 
and  occasional  ipiartz,  in  a  dark  coloured  groundmass  composed 
largely  of  snuill  feldspar  latiis  and  glass.  A  little  augite  en'  rs  into 
the  groundnuiss  of  some  of  the  speeiir.eus. 

The  upper  part  of  tiie  Cedar  volcanic  series  is  prevailingly 
andesitic  in  charac'ter.  They  are  lighter  in  colour  and  often  have 
an  ash.v  look  and  a  liarsh  feci.  Tlicy  have  a  shaly  structure  on  the 
outcrop  and  break  easily  into  snuill  fragments,  so  that  a  fresh  frac- 
ture is  hard  to  ol'lain.  In  the  thin  section  the  rock  exhibits  a 
tendency  to  porphyritie  -trueturc.  with  a  few  phenoerysts  of  horn- 
blende, generally  much  altered,  eiulie  Ided  in  a  hojoi'rysta  line 
groundmass  of  small  plagioclase  laths.  The  shape  of  the  hornblende 
suggests  that  it  is  an  alteration  froui  augite.  Flow  structure  is 
generally  well  develo|ieil  iu  the  groundmass. 

The  topmost  bed  ot  the  Cedar  volcanic  s(>ries.  as  seen  in  the 
section  exposed  in  Collins  gulch,  is  a  brc<'eia.  This  breccia  is  very 
much  decoir.poscil  and  weathers  to  a  reddish  colour.  The  fragments 
consist  entirely  of  volcanic  materials  through  which  run  small 
seairs  of  chalcedonie  cpiartz. 
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hTUlCTLH.M,   Hl;r,An(IN>. 

/H/(n,a/.— Tlip    ('...hir    v,  l,.,,Mir    -..ri,.,    .-..nsists    ,..w..ntially    ,.f 
'..■.1(1(.,|    v.ilcuiii.'   rnrk,    which   have   Im.vu   rxtrii.h',!   dwr   the   .;urfiirc 

111   u   siicci'ssi ,f   lluw-i   uiiiaiiiitinK   for  one  (ir   .mrnil   fici.     The 

hriMiMl  chanirtcr  ..f  the  roek.  i.  .„.(  always  api.i.renl  ,.m  a  -immII. 
i-..hit.M|  eiUVTni,.  iMit  is  very  evichMit  when  tlie  series  is  vl-  we,l  cm  :i 

hir^e  seale  .'■roiii  a  distaiiee.     The  ii,.rtliern   fa, f  .Ta-ksun  iiumim- 

tuiu  exhibits  this  feature  V(>ry  well,  and  when  U.nklut;  at  the  far,- 
of  tlio  nioiintain  from  Tiil.iiiie.-n  viljaj;,.  n^veral  massive  beds  can 
he  identiHed  outeroi.pini;  in  an  almost  iKiri/onlal  line  from  east  to 
uest.  Wh.re  the  dip  is  ohtaiiiahle  the  hr.ls  are  foniul  ti  lie  at  ani:l.s 
whieh  rarely  .'X.-eed  4n  de^re,.s.     A~  this  M,.ve-,i„n  of  llows  ap,,ears 

to  have  heen   exIriHl.-d   int,,   a   dnwnwar I   ha-in.   the  strike   is  not 

constant  hnt  forms  a  curve  whi.h  conforn-  |..  a  certain  extent  to 
the  strike  of  the  ('(ddwatcr  >cdinicnt-  on  the  western  and  southern 
sides  of  those  roeks. 

The  n.aj,>ri  „       '    '      1.'.  which  make  up  this  .,eri,.s  are  massive 

i.i    structure,    but      the   U|,pcr >r    ones    lu.ve    a    laminated 

stnieture,  and  break  dowi     to  a  talus  of  -mall  llat   plates. 

Hreeeiation  is  present  in  IhmIs  whieli  form  the  base  ami  the'  top 
of  the  series.  This  stru<-ture  is  not  the  re-ult  of  subse<pient  frac- 
turing', hut  was  probably  induced  in  the  rock  at  tUe  time  of  (■xtru- 
sion.  A  breoeiated  struct\ire  which  has  a  different  orijrin  is  noticed 
on  the  contact  of  the  Otter  Kranite  at  the  headwaters  of  the  western 

branch  of  Cook  creek.     The  hr iatioii   in   this  cf,se  is  due  to  the 

intrusion  of  the  Otter  granite  into  the  voh-anic  ro,-k,  for  the  Miatrix 
Is  of  Otter  granite  material,  while  the  fraf:mcnt-  bebju^r  to  the 
Cedar  Volcanic  >eries. 

Over  much  of  its  area  the  CcMar  vnh-anic  series  forms  a  l)ohl. 
irregular  topogra|ihy,  with  numy  outcropiang  h-dges.  The  roeks  do 
not  break  down  very  easily  and  are  very  often  covc^red  only  with  a 
Very   thin  mantle  of  soil. 

A'.i7.niu/.-The  various  rock  forn:ation.-  with  whii'h  the  Cedar 
V'.'canic  series  comes  in  contact  are  the  Tulamecn  group,  iioubh  r 
granite,  augite  s.vcnite.  Otter  granite,  aitd  the  Colduatcr  j-eries. 

The  uiK'onformity  which  exists  hetween  the  formation  under 
discussion  and  the  Tulaineeii  group  is  shown  on  the  -North   l'"ork  of 
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•  ii'iiiiilo  iTi.i'k  :, limit  a  iiiiic  uliDVu  it-i  nioiitli,  ami  iilsu  on  tlio  wcat 
flopo  of  (  odiir  iTook.  At  v.ir\\  of  llioso  plai'ei  the  dip  of  tlio  riH'k'* 
of  the  I  iilaiiRoii  KrcMiji  is  liifjii  ntnl  ofloii  vertical,  wiiile  the  beds  of 
tliL'  Collar  Volcanic  -cric-i  ilip  at  very  low  angles.  Thojo  contacts 
i^liow  tiiat  the  r^cks  of  tiie  Tulaniecn  Kr^mp  wcri>  folded  and  eroded 
liel'ore  the  I'eilar  volcanic  .-.erics  w.is  laid  down  on  top  vf  them. 

(■ontact-i  with  liniiMtT  pranile  arc  c.\pcp.-cd  on  the  west  side  of 
liiddell  ciccIn,  and  with  aufiiU'  i-.vcnile  on  the  main  liraiK'hes  of  th»» 
North  Fork  of  Granite  creek.  In  cacli  of  these  c;u-es  the  rocks  of 
the  Cedar  vidcanic  group  -iiow  no  jiicli  indication  of  contact  ir.eta- 
niorphism  as  inijj;ht  be  c.xpciicd  If  the  Boulder  granile  and  the 
aiigite  syenite  were  intrusive  into  llieui.  On  the  other  hand  the 
IJoulder  granite  uhieli  onterops  directly  west  of  Tnlanieen  village 
has  hecii  sliglitly  allere  1  hy  the  heat  of  the  hreccla  lied  which  form.* 
the  base  of  the  Cedar  volcanic  series.  This  breccia  was  api)arenfly 
a  volcanic  (low  whicli  was  extruded  over  the  surface  of  the  Jionlder 
granite,  and  it  contained  .-.ullri'lcnt  heat  to  sliL:htly  metamor[)ho30 
the  surface  cd'  the  linulder  granite,  so  that  its  aiipcaraiice  is  now 
iiomowhat  abnormal. 

Contacts  with  Utter  granite  are  .-ceii  at  several  points  on  thf 
east  side  of  Otter  valley,  and  the  intrusive  nature  of  the  Otter 
granite  into  the  Cedar  volcanic  series  is  clearly  apparent.  At  the 
lieadwaters  of  the  westeriiuiost  branches  of  Cook  creek,  a  breccia 
lias  been  fcmued  on  the  contact  which  shows  fragments  of  the  vol- 
canic rocks  in  a  matrix  of  Otter  granite.  Again  on  the  ridge  which 
separates  China  creek  from  Cook  cre»,-k  the  contact  i^  well  exposed, 
and  apophyses  of  Otter  granite  cut  into  tlie  rocks  of  the  Cedar 
volcanic   series. 

The  relation  of  the  Cedar  volcanic  series  to  the  Coldwater  serica 
has  been  carefully  studied  on  account  of  the  bearing  it  has  on  the 
occurrence  of  coal.  The  contact  between  these  two  formations  is 
well  exposed  in  the  bed  of  Collins  gulch.  The  succession  of  strata 
lip  lo  the  sandstone  which  here  forms  the  base  of  the  Coldwater 
series  is  as  follows :  volcanic  agglomerate  and  beds  of  amh'sitc 
overlaid  by  a  stratum  of  conglonierato  which  grades  into  sandstone. 
Above  this  arc  more  andesitcs  and  breci'ia,  in  which  is  interculate<l 
a  tliin  bed  of  sandstone  and  another  of  red  clay.  Conformably 
above  the  broccia   is  the   arkose  sandstone  of  the  Coldwater  series. 
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Till-  ■■i.n}.'l..ii„ral.'  .111. 1  -,  i.l>|.iii.'  wliii'li  .ir.'  inl.T.Mlat.'l  with  tin- 
:iM.l.-i,.  >  ..f  Ilic  ('.  (lar  v..l<M,ii.'  mtLs  ..'itor  ;>  on  lilair  rmk  -n 
till'  iH.illi  -iiir  .i|  I  lit'  T'.il.iiufi'i  livir.  .,11  t  ("lar  .■i>-.i,.  ami  In  Mvcral 
plai-c's  ill  111-  l.a-ni  (1  tin-  .N.irlli  l-'..r'v  ..f  (iranili-  .•nrl;,  Si,in,-  ■  al 
iiuirKln^-.  app-ar  in  tl.c  •iaii.Nt(.iic  nf  Hlair  .■iV(_'k,  an.l  a  narrow 
Boaiii  <.l  >■  .al  is  vislM..  al  ih,.-  -ana<  plaiv  iiii.j  ..n  Cr.jar  iTcck;  l.ut 
il  is  lianlly  i,n,I,al.lc.  on  iir<;i>iiiit  ni  the  liniilod  tlii.-kni-ss  of  tlicso 
rruf  «.iliiiir;'it...  tin  :  a  workaMi;  -^cani  ..t'  coal  will  l.o  l\mnil  in  tli.'ii;. 
I'rotii  the  lai-t  that  >onii,'  iruc  -iMJiricnl^  ai-u  intcrcnlntnl  with 
tii(  volt'anic-^  of  tills  scric-  tlir  infiTin.'i'  i-  .irawn  that  tlic  volcnnics 
wore  oxtrui'rd  into  a  la-ln  in  wlii.-h  wIumi  vnli'ani^iii  liml  I'cased 
tcmporarilv  thin  -o.lim.  nlar.v  l,.-,l-.  w;-,,-  .lrp,.sito,|.  and  wlipii  viil- 
cani-ni  liad  liiiall-'  torniinaio.l  lli.  -,  liniM;!-  of  ilio  (  ,|,hvati'r  sori.'J 
wofi.  Iniil  down. 


iiotli  iiic  btruPtural  Icaliiri's  and  the  lllliulM;;iiMl  cliaracters  of 
tlie  (A'dar  vuli-miic  serif.-  indioatc  that  it.s  various  niiniliori,  (.'M-ln- 
ftivo  of  tlio  small  tliic-kiiess  0!  true  .-idinunt-  n.entioiU'd  above,  were 
pxlrn^ivo  in  ori^riii  and  inmred  out  o\cr  tlie  .snrfaeo  in  tlie  form  of 
Invii  l!nw».  'I'lie  details  (,'iven  in  fori'.iroinj;  parts  of  this  seetion 
Bive  n--  a  I'airl.v  (d(.'ar  eonee|itl('n  of  it*  orifiin. 

OviT  llif  erciit  part  of  the  area  covered  h.v  the  t'edar  V(deaiiie 
series  the  iiasal  bed  of  tin.'  serie-  i-i  a  vodcanie  lireci-ia.  eoutaiiiiti^ 
friiRment-  of  various  kinds  of  rock-  embedded  in  an  ari'lo-itie  matrix. 
This  bed  i?  prcsnii.ably  a  lava  tlow  which  ha»  canfrht  up  and  incor- 
porated in  its  o\vn  mass  fragments  of  the  rocks  with  which  it  came 
in  contact,  as  well  as  those  frairments  of  its  own  material  which  con- 
solidated  on  its  siirfaeo  and  were  l>roken  up  b.v  the  movement  of 
the  flow.  Other  lava  flows  succeeded  this,  potiriiitr  over  the  surface 
of  the  breccia,  I'robably  as  an  effect  of  the  extrusion  of  the  lavas 
a  downwarp  of  the  surface  took  place  to  form  a  basin,  and  during 
a  cessation  of  vidcanisn;  seme  true  sediments  represented  by  sand- 
stones and  conploiiierates  were  laid  down  in  the  downwarped 
s\irface.  After  a  short  period  of  re-f  volcanic  activity  was  resumed, 
and  a  great  thicknesr-  of  volcanic  rocks  was  extnidcd,  pome  of  them 
perhaps  bcina:  laid  down  onder  the  water  of  the  basin,  as  we  find 
them    near   the    top    interbedded   with   thin   beds   of  clay   and   sand- 
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Btciif.      Wlirii    vulriiiu-iii    liiially   c.-.i-i'.l    iill'iyi  tlicr    llic   -I'lliriionliiry 
liecU  1/1    llm  ('<ililu:ittr  .-trii-  wtl'i'  ilc'|H>^itr(l  riiiil'iriiKiMy  iilciVf  tlitso 

Nu  iiill'«  i.r  r.irU-.  nl'  rx|ili.-ivi'  urii-'iii  iirc  fniiinl  in  llu"  wliule 
licri.M,  ~o  iImI  ii  i-  ii"t  likclv  iliai  ilit-i'  ri>i'k-  (.riuiiiiiliMl  I'roiii  dpi'ti 
vc/lciiiiii'  cratiT*.  it  i^  lar  iiidn-  pnil^aWlf  that  tiny  oiiuiiiati'il  frinii 
ti."iirr-  ulii.-h  la|>|ii'l  n  a.i;iiia  rliaiiii.(r-  in  llii'  intcridr  i>(  tlic  earth. 
It  i-  iiitcrrcil  also  trciu  tlicir  \viil<>  (li^lrllnitii'ii  and  from  llic  jirciit 
fhirliiic-ii  111'  tlii>c  roi-lv-i  in  i-iTlain  I'lari-  anil  tlicir  lliiiiiK -s  or  total 

al'si'iu-c    in   (itlnr>,    that    liny    aro-i-    n^t    Ir onr   li-^urc   uloni',   Init 

iViini    -i'M'imI.    \\\n>-\i    nia:     ii"!    Innc'    lia<l    an>    ini\ioii    willi    .  ,.   h 

iitlicr. 

v.i;    \Mi  <  "111(1. i.\li'>N. 

'I'lu'  a;;i'  v\  llic  Cnlir  vi.j.'anic  sitIc.-.  lias  Uci'ii  ilcliniti'ly  solllfd 
linin  til-'  i-clati"H  ulii'-h  tlii-  »rrii'^  ln'ar-  to  tin-  Coldwatcr  ~crii'-.  'I  In- 
•;rrat  iria--  ..i'  llh>  ( '..jdwalir  -vrir-  lir,  .•,,iirciniiali!y  aliovf  it.  Uut 
-nine  .if  llic  Inw,  r  111  inlirr-  arc  iiitiTlu'ddcil  with  tli.'  hcd-  of  the 
< 'odar  vohaiiic  ~<'rii-.  \'\\w  iiitiTralali'd  liicnihcv~  of  the  Colil- 
walir  <i'rif.-  contain  n  any  iilinit  rc'inain-,  which  have  hccn  idciitilicd 
ii.s  OliK'oi't'ni'  in  ai.'i'.  'Phc  ('('(lar  volcanic  <cric>.  therefore,  is  also 
of   thai    .mc 

N'o  \..lcaiiic  rock-,  wiih  which  ihc  t'l'.lar  volcc.iiic  ^rroup  can  lii> 
(.•orrchui-d,  have  hcen  |irevioii-ly  des.'rihed  in  lirltish  (,"oliinihia. 
The  'i'cniary  volcanic  rocks  di-crihcd  hy  Daw.-on  in  the  K'aiidoop.- 
d'-tri<'t  are  all  siiid  to  lie  iineoiiforniahly  ahove  llic  Coldwatcr  seres. 

Certain  rocks  descrihcd  hy  (i.  (>.  Smith'  in  the  I'oliiinhia  I  va 
Held  of  \Vashinj;;oii  may  he  contcinporanuuus  with  this  fon.ial  n. 
The  Tei'naway  ha-alt  i~  refiTred  hy  Smith  to  tlie  top  of  the  Kocenc, 
and  from  iis  -iralii.'-r.iphical  position  with  relation  to  i-crtain  coal 
hi'ariiiH:  formation  in  that  rcf-Mon,  miirht  he  correlated  with  the 
Cedar  voh-anic  -crii's. 

With  our  present  knowled^rc  of  the  ,i.'e(.loiiy  ..f  sonthorn  Uritish 
Cohimhia.  we  may  >a.\  ihat  the  (  cilar  voli'anic  series  re|ircsi>nts  tho 
hi>"innin^  of  volcanic  activity   In   the  'I'crliary   in   lh.it   rcK'on. 
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Coldwater  Series 
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"■'■'"',•    '','"    "''"■'■    "'•■    "■■•"■    ""■"/'    u-    .n,.„    ,„    ii.    ,|.„    „,„,    „ 


'■"'•-   ''^'^   '"•'■"    •■•i"i"'i    |.;.h..,ul,.|„;,i,.,,lK    |,v 
"itl,   ill..   n,iili    il,, 
l"n..,|  lit'  liiii, 


Il        It       U;,-.       t',.lin,| 


' ''"     lill'l    I'.  Iill;lll,u.' 

i-.hiiii,.|     1,,    .,    , I, „„.,,. 

,     ,         ,  ,"■   '"   ""•    '"'■''-■>•■      I'l'i n.h.i.i,  I,,, „,,„„„.,  ,|„. 

"Mi.v  lliat   th,.  ,„.,n.  limit, I,;:   „.n„   .,,/,.   ;     |,,i    .  ,, 

-    '  1-   I'liiri-  liiiiii   ,/,„„,,.  .,,,,1 

"    '■"    ""■''    'l"-"^'l-'"    ll'i-    r,.|„„.,.    „i,|,    ,,,.,    .„.,|,.iM:„Hlin..      !.,.„ 

;:;^t-:;;:::"r'''" ^^  ••-"-■ ^■"'"- ^^"-- 

,      ''"    :"■'■":""    ■■'    ""■   "'■"-■    ""l-rtan ,    i|„.,.    „„.,,.     ,|...„, 

-nbutio..  111.,,  1,..,,  ..I,  ,,„.,.,„„,  I,i„.,|  „„„,,,.„,„„■,,;,  „„.,: 

""-"■'-'■—'•' Hi.  -ln-IMi^>li.l„lv„v;il-.|,i|„.,|,  ,, I,  i,,  ,„„„,,.  ,j: 
>""H,n^„„nliu,>t.ii,U,„i,l„„-,.  I.Ml,i,,|i|.,.,.,i,„.  i,  |,l,.,|!.■„„|„„■ 
•'i"|..>.  :;i  ,„,:..-.  Willi..  III,.  ,n.a„.-t  wi.lih  i~  J;,  „„l,..  Th..  ,.„.|  .^.,.  ,  ,, 
'.H..surea  0,1  tlio  ,c.,.l„f:i,.al  „,.,,  i.  ,.:.  .,,„„r,  „  ;|„,  „,  ;,  ;„„  _,,.^;^ 

'"   'I"-'"""""    '•"- .-,.,  a,v,.„v,,v,M.   .   ,I„u„|   „li,,i„.  |„.,,|t     -,; 

1  Xl)ii»eil. 


i.iriiiii.di,^. 

I'i"'    '■■"■l<-    wlii,.ii    iiKik,.    „,,    ,!„.   C.Mwaf.r   -,.|-i,.-    ar,.   all    >..|t      ,|..| 

"'"""■^    •'"""     -'    •-''>■    "''"    « I    >'M".Min.    „,•    Uaiu    ar,.",.nt 

nunuTuu,.  The  he.t  .lat.inil  M..-ti„i.  „(  tJK.m  i,  ,.x|,„„.,l  i„  c,,!,,,,, 
«ni..h,  ,1  ruviiu.  whi..h  rut,  ,iir..etly  am.s-  th..  M.-ik,.  ,,f  ,1,,.  |„..|, 
ll..>  s,.,.ti„„  wa-  ..aivfully  „i,.aM,n.,|  with  ,.,,„„,a-s  a,„l  .-haiii.  ,in,| 
^i  thu.k.,...-.  „l  LM'TU  f..,,  „,■  ,,,a,a  wa,  „l,taiii,.,l  Ir,,,,  ih..  ,„,,  „,■  ,|,.. 
U.ilar  u.h-.ini,.  .eri,.^  i,,.  t,.  a  joint  uhcv  tin-  r,.,.k,  am  ...,tir..lv 
'■I'WTeij  l.y  drift.  Tlii.  |iMi„,  wa,  |.,-.,l,al,|y  within  imi  ,„.  -imi  iWr 
'•'■  till-  tup  of  th..  ,-,Ti,.,.  M,  that  th,.  t.ital  thii-kn,-,  ,,|  th,..,.  ,.,„.k^ 
uoiil.l   he  h-.vs  than  L'„-,(Mi  fci.t  alonir  thi,  lln,'. 


'T.-itiiiiy  I'laiits  of  Uriti-h  Cohinil.ia,  (i.'.il.  Surv..  Can..  V.m. 
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«■.•!. Til  l.;.It  ..I  tli..  I,„,h,  i,  „.|,ar„t.-,|  |-p.m  il,.  ,„,,i„  l„„h-  „f  tl„. 
S.TH..  I.v  ..  .■..„. i.l..r«l,l,.  il,i.kM..,  „(•  r.,!,.,  ^,,l,.,.„l,.  r...u.  i,,.,  ,„ 
tr,.-  c^toni  Ik.1i  i.  pr..l,aM.v  ,„iii,.,|  «,ih  -1,..  ,v-t  ..(  i|„.  ^Tir.     Tlii. 

;;,"*''""'"^""    "  '•^' ■■'  •■"  ""•  "■"^'  '--  '■•■  •'  .■1--..11  „,„u,it „ 

I51;rr  .  re..k,  ,,i,  i  nt   ,..,i„l,   „„   r,.,l.,r  .t..;.   ai.l    tl...    \,.rt|,    K,„k   ..f 

!■''"'"    '•^'"■'^-     -^    ' '^"'-'   '■'    ^'1 •    -■■    ('■'■'    ■■(   'In.   .■..■,^|,„M,rnf.. 

'-  .M"M..l   „      lll;,ar   .■r.ok   1m.1„.v   ,.,■„,.   sa,„l,.,„„..   ...n-l    i.   „.,.„    to 

ron-i-t    ,1    .„„,.    w,,..,w„n 1,1,!,..    ,,,■    ,)!, ,„    „„|    ,r,ii|„.,„„„ 

r-k.    .vr.H.iir..,!     |„u,.,h,.r    uifl,    .,     luairis    ..I     -.u.l    uniins    uhi,'!, 

'■'""■""   '•■""■  '■'""    '•r.n.i,,-.      S,„n..   -an,|,, ,,,.,v,„r  f„-.,l   ,,h„„. 

1111.1  ii..-,M.K,:..i   ui,j,  ,.,,.v   thin   .,. ,.t   ,.„„1   ,■,.-,.  ,lir,  ,.,|v   „„   ,,,,,  „f 

tlio  i','liplii|'ior;iti', 

A  .„lui,„;,r  -nti,„.  „i  ,|.„  r,..k-  ,.M„-,.,1  „„  .„11„„  j:ul-h  i.s 
.sl...wn  Hi  liL'.  2.  ThU  MMiion  „i;,,v  |.,.  ,ln„l,.,|  r„i^h!v  ,„t,.  ,hr... 
Kr.Mip.  ni  rocks.  Tlu'  lov.v.sl  ur.ui,,  UMMM.rli.;;  <:<,<,  Uoi  in  tiurkiic** 
Mn.l  n-ti,,^  .,.iil.,n„,,My  ,.,  ,1,..  r,,i,r  ,.,|,.:„u..  ro.k.  i.  ,.„„:poscil 
'■I  -nihl-l,,,,.-  \,,ii,  w|,„|,  uiv  i„i,.rl„,l,l,.,l  ;,  i.u-  ilun  -,„,„,  „f  .|,:,Io. 
Al,.,v,.  ll,i,  i,  ),;„  f,.,,  „f  ,„,,.  ,;.,;,,.  ,1,^,,,,  ,..„„, i„i„^,  ^„  ,^.^,^,  ,^^,^ 
•■"Hi   horuous.     Til.   „,,p,.r  ,,..rt   „f   .h.  s<.,.tl„„   has  .  f;,v:,t   pr,.p,m- 

.I.Tiiii.T  ot   >j:i,l-t,,i,r.  I,„t   ,.,.„.Min-  al-„  - ,1,;,,   ,i„|,.   |„,„,,   ,,,„, 

l'i',lt  lit   <'(iiiglomi-r;iU'. 

'''•"•■•""'•'"'""••"  111,.  l,a>,.  ,,t  il,,.  Cnlli,,.  (;,i,-l,  -,.,.ii,,„  r,„,, 
.liivctl.v  i,i„!  ...nroii.^ibi.v  ..11  II  l|,,u-  ,,1  n,„|,.,i,,.  a,„l  i,  ;,  .„r,  fri- 
»l.lo   i.rko-...    rc.,i,li.h-l..r.,wn    in    ,-„l„nr.    Miii.-iv,.     i„     ,,r,„.,„r,.     an,! 

''""""""'-    '"''">•    I''""'    r>^>'K,in„      F, ,   tho   h„k   „f   a   ,.,„„i„„„„s 

"xpo.ure  It  i,  nut  ,,u.sil,|.>  t„  „:,!,.  tlir  ivliitiv,.  pr,.p..rtiu„  „f  s),,,],. 
to  Niiidslone  ill  this  division  of  the  series,  hut  tho  tiirur,  .-how- 
four  hnmU  of  sliiili  carh  ,,i,,.  of  which  is  ]il  f^.f  .,r  m,,r,.  in  -liirk- 
m..-ii. 

The  .-andston,..,  of  the  l,,uvr  ,livi-iou  of  the  ,,eries  pa->  pnuiu- 
"ll.v  into  the  shales  of  ,!..  „u.l,ile  .Jivision  by  heconiitif;  more  thin 
I'cltle,!  in  strneture  ami  ar-illaeoous  in  Composition.  The  mi.1,11,- 
■  livision  -ontains  al  least  two  eoal  horizon,s.  hut  is  .ilaTwise  nuuh.. 
lip  entirely  of  shales  to  u  thh^kness  of  W)  feet.  The  .shale.s  are 
very  rissile  and  .^^plit  ea.sily  into  thin  |,lates.  They  are  .lark  e.iloure.l 
but  often  wvather  whiti.li  ,,n  th,-  outer.ip.  On  most  of  their 
expo-^ures  no  fossils  ciiil.l  be  f.Mni,|   in   them,  hut   at    -ertain   hvali- 
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Fi(j.  2.    Columnar  section   of  CoUlAatef 
serres  on  Collins  gulch. 


ri    I. AMI   1    N      liKlftu    1  ,     II.   I',  .,;; 

"'■ '■    "'    "'    •'"•    ""■•'''"•'• !"<■   ■•(■    tl„.    I.M-.,:    .,,,,1    „„    ,|„.    |i,,|,. 

N'Tth  |.„rk  of  (.nnnt..  ,.r..,.k  ,h-,v  ,..,„tal„  nmi.v  „h„.'  r..,,,.,,,,- 
■'■I..  -..  ,,l„„t  r..„„M„.  hav..  mtumI  ,„  „|..„tif,-  ,l,..ir  ntr,.  ,„„i  t„  ,•,„■ 
r.!.,.,.  ,f„.  ul,„l,.  „.r,..s  ,v„l,  ,„l„.r  „.r„.,  „1  r.-U.  i„  ,|,..  ,„li,„.,.„l 
.•...„,.r.v.     Tl......  I„.«il.  .r,.  r..„.rr,.i  , 1,.^  .  ,uI.,..,,m..m.   I,..,„li„.- 

M    -.-..hN..,,,..,.    1„„    |,„|,|,    ,|,„    ,|,i„    1„,|,    „,■    ,l,,.l,.,    ;„„l    ..,„ ,,. 

'■''"""'''"''■■     ■'■ •""''' -    ''ry  t'.n.  nillv    ratlnT  m-.n^.'    in    t.Minv 

""'    '" '■    '"    -'^''''''ro.      Tl„.v   Mr..   I.u'l.r    ,n|„„r,.,|   „n.I   ;,r m- 

I'—.|    ..I    ,,M..rr/   «r;u.„   ..,nl„-,l,l,..|    i„    .,    „.|,i,,,     ,i,„.    .,,;,„.,,,    .,„„|^. 

"'^"''"^-       '''"■    "''''I''    ""■'    ' «l rill,.    I.IM.I-     il>l,Tr.,l.,l,-,|    will,    ll,'.. 

•mpUlwir,   ar..  .•..„  |,au.tiv,.|v    ,1,,,,   ,,,,.1    f.u    i„    „. ..;■.     ■||„-  .hal.- 

"■■'■  """■''  '"■  ''•"  •"""'>■  "'"'  ■■"'■'■   ''-nt, ,al   la.irkinjr-.      Tiirr..  i- 

•I  |.rnl,al,ility  il,at  «  ,..,.,1  „.„„  „  a.v  I,..  t„,„„|  i„  ,|,i,  .IniM.,,,  „f  .1,,. 
-■.•..-,  I„r  ,.„  ,|„.  M,Mih,.rn  -i,|,.  ..(  ,1„.  |,„.i„  ,  „„„„  „,,,„  ,„„,,„,„^ 
whirli   l„.l,,ni;,  a|.r.arrritly  t..  tlii<  liori/,,,,. 

Ml  r\Miiiinii>\i. 
In  III.'  s..n<l,.lo,u.»  ,„„l  .hal...  -f  tlu-  O.Mwau.,-  ,rri,..  „..  niwa- 

"""'■'"^"'    "   "'''■^"••■■"    '■!""■'•  ■■'■   f'^^i-nal    ..r   , ,,•„.,   .,n«i,,      Thore 

'^'    '"■^^•^■'■'•-    ' vi,|,.„ 1     „i,.|a„„,r|,l,i-,M     i„    ll, .,1     ..,„„ 

"'"'•''   ■'""   '■■"""'   ■■ i^""'   »"!'   ""■  -l-i.-       Tin,    in..|ai„„r,,|,i-,P 

"     '""     ■'l'r':'r..|.l     „„     a     .•iir-..ry    .  Naiiiinaii.,,,    nf   tl„ ;,),,    |.,„    j. 

r-vai,.,!     i„     ,),,    ,.|„,„i,.al     ai.aiy.i.    „f    .oal     .nin,,!,.,     ,„k„„     „.,„„ 
'I'"-"'   l-'-N   „f   ll,..   |„„i„.      ,.■„,  ,.,,,„„,|,.,   ,,.„„,,,„,   ,,,|^,.,^    ,.^^,^__   ^,^^ 

w..rkM,.,  ,,„   ,1,.  (;r„„i„.  (',.,.,.!,   .1,,,,,,  „   ,1,,,,,   ,|i.,„„,.  ,,,,„„   ,, ,, 

^n„.  la.all  K,v..  a  ti,-„„.,.  a„,l  |,in|„.r  i„.r,.,.„taf,,.  „f  ,.,,1.,.  il,„„  ,1„,.„ 
-akw,    !■,.,„„    (•.,l|i„-    ,„1,.|,    :„     ,,    ,,„,„,,    ,,;,,„„„,.    ,.^,,,,,    ,,^^,    ,^^^^^^1^ 

""  ""''  '■^'""  '■'■  'I'"  '■■"■'....,•  i-  al-.,  |,i..|„.r.  ThU  .liir..r..m...  .an 
">.l.v  I,..  ar>.„„nt,.,l  f,:,  |,y  n,.la„,..,-|,l,i, .;„.,;,,„  ,|„,.  ,,,  ,1„,  l„„,  „,■  ,|„. 
I'.i-alt,  and  it  i,  r..a.>„na|.|,.  I,.  ..x,,,.,.,  il,,,,  „i,f„,  ,|„.  .-..-.h  •  ..n:.>  inln 
"l.--  i,,i,la,.|  will,  tl„.  l,i,,;,li  .,  ,,r„„o^.r  n„i;,,„or|.l„„;„;r  a.ii,,„  will 
'■^i^'-  p.-.Ml,i,...,|  a  Mill  l„Vla.r  ^'ra,l..  .,1  ..„;,l.  Thi-.  !,.,uv;,.,.,  ,.;,„  ,.„lv 
I'l.   |'i-.u,.,|   l,y    riirilirr  (.xai,]iiiaii,,ii. 


^1 IM  I  n  11  M.  in  i.M  |i.\  .. 

'"''"•'"''■     Th..    C.Mual,.,-    -.ri,.,    U    .nilaily    ..,li„„.,„a,-v    in 

'"'""']■  "'"'   '■""'^'-   ■■'■  :'   -n.-,.--i„„   ,„•  sirala  ,|,.,,o-i.,.,|    i„   a   l,,,,-!- 
'■"■lal.    .,r    appn.x.nan.ly    I,,,,-!.,,,,.,!    atlit,,,!...      Sni,-,.,,,,,.,,.    cu-nU 


is^i.^^i«fe43S»»^^:^ 
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li(,wi-.,'r,  haw  -,  nll..|c,!  ihr  ..ii.l.'  :  ■. .-  lliat  :,t  llii'  pro-i-iit  time 
it  ilos  lut  pi-c.-ri-M.  tht  ..i-i;.'  :  V'-^i  '•  :'  "liii'li  ils  iiioiiibers 
wen'  Liiil  (1 'Wii.  lt=  sti-ih-tui  i^  n-'W  ii=..r  •,(  i  syiirliiial  hasiii 
iKuiiiK  its  ioii};,T  axis  running  „|'i  :  :v:iii,a(.-i,.  -  ^rtliwesl  ainl  south- 
c-aM.  Oil  llio  si.iithw.vt  sidf  o  h\  1^:'-  >  the  lips  of  tlic  l.f.j,  arc 
ill  j;.n.Tai  tnuanis  the  ii<irl!i.-'a-t  ;  aial  in  'Sk  northeast  side  of  the 
ba-iii  they  ar  >  t.iwa.-.ls  the  -jutlnv.'^t.  The-e  .lip-  vary  -wliere 
tluy  have  h.eii  iii.a-"iTil- -ii-ni  I'n  .jeur.  e-  i:p  to  TO,  aiel  are  L'realest 
(,11  liie  outer  hMLJir-  n\  the  ^yiiellue.  Th.'  avera-e  .lip  .il..nu  tli.' 
0111, r  edi^.v-  of  tiie  ha-ilii  is  ai)oMf  40  il.'piee-,  and  tlii-  deeroasca 
-radually  toward^  the  eniMv,  wh.er.'  tin-  -irata  pre-miiahly  heeoiiie 
huri/'iilal   hil'ori'  ri-iiii:    in    ih''  .'ppo-ite  direction. 

.Mtllieiuli  it  lan  l-e  ac.  rpled  as  :i  ••.iht.iI  nih'  that  tiie  dips  of 
tliis  -irie-  ar,.-  nr'dar  on  L^ih  -idr-  .  ihe  hn-ii:.  it  is  >onieliiiie3 
apparent,  uIkt,-  -e'limis  lia\e  hiiu  ixp.i^d  .iilur  hy  natural 
;|M,.i,i-io-  or  ill  ihe  i',,ur>e  of  n  iiiiii^;'  ih-i  I'lopincni.  thai  there  are 
other  ,lil'-  uliic-h  do  not  e-  'oru;  to  tin-  p,  iii'ral  direeiion  ohtainiiip: 
tliroiiiiiiout  th,>  I'asiii.  In  liiese  e;i-"s  pio--ur,'  li:i~  lieoii  ."sorted  in 
a  dilferent  dire.ii.ni  to  th,'  main  'iii...  wiii.di  re-elti'.l  in  tin-  '.'oriine 
tion  of  the  syn.din.',  and  n  inor  fiKl-  ha\.'  h,-eii  pr...lu<-e.h  Kxainples 
of  sueh  fohls  are  s.-on  ,.ii  (■.lUiii-  LMil.'h  at  th-  ..1,1  iiiiiii'  workings, 
and  a.traiii  at  the  main  nurhini,'^  ..n  the  (i.anite  r,-,'k  sl.>pe.  In  th.' 
latter  ease  at  N...  1  an.l  :!  liinn,l-  th,'  'iip  of  lii."  strata  is  toward-^ 
th,'  i-a.-t,  hut  It  is  inip.->ihh'  that  i.  ean  e.'ntiniie  far  in  tliat  ilirc- 
ti.in  liefore  tiie  strata  ri-.-  a.i.l  tin'  .liii  eliaii;,'es  t.i  iho  opposite 
diro.'liou. 

Alilionsrh  tliere  are  this.'  snia  I  f.ihls,  no  iii>tan.i.  has  yet  hiin 
observe.!   wli.Te   tiie  fol.lini;'   ha-   i;..n.'   s..    far   a:-   to   pr.)ilue,'  f;nilti!ifr 

ex.'i|it   to  a  v,>ry  niiiior  .her.','.      Il    i>  not    |..  1 xpi','ti>.l,  however, 

that  faults  will  not  hi-  eiieounter.d  in  th.-  v.h.l.  ha-in.  It  is  .•erlain 
from  til,-  afro  of  tliese  roeks  and  th.-ir  pr.'-.Mit  altitml.;  tiiat  they 
have  [las^e.l  throutili  pi^rio.ls  ..f  oroii.aii.'  .li~i  iirl.ae.M'  whieh  in  tlu'iii- 
std\('-  mi^hl  h:i\.'  re^ulie.l  in  faulting':  an.l  it  is  th,'  .'xiieriiaiee 
ohtaine.l  in  ii  iiiintr  th.>  e.ial  in  nio-t  .>f  th.'  h,i-in-  of  tin's  afie  in 
this  part  of  I'.ritish  (■..lunihia  ami  ih.'  a.lia.'.  tit  r.'^ioii-  of  Wasli 
iiii'ton,  thai  faults  have  he.'n  i-ii.'.iuiiter.-.l.  it  i-  jiroliahle.  there- 
f.ire,  that   faults  ilo  o.-eur. 

V.r  another  reason  fanlliii'/  miiihl  h,-  .'Xpeete.l  to  have  taken 
plaeo.     In   the  stni.'ture  'e.-!i.iii-  '.vhi.h  are  .Irawn  thr.iiiRli  the  da! 


^-_-^4.v  y-.  , 


Tl  r.A.MI.K.v    UI.SIIIU.'T.    1;.!.'.  <J5 

ba=i„,  „h^,u.  l,a>all  i.  .l.„u„  ,-  ,  -h.,,  ,.,„,, „,r  pan  ..<  ihe  i  „„, 
It.  i,-  prcl.ablo  that,  l,eeau.e  .  =  vla^  of  olivino  hasalt  arc  fouM.l  in  fl,,. 
uu,:.,.,i,al.  v.inity  .l'  tl„.  .-.  .1  La.i,,.  tl,^  ti..u,v  „r  li.suros  thr„n..l, 
uluoh  the  ulivin,.  ha.ah  iva.  i.,..|  ,|„.  >„rla.v  trav.-i-,.  tli,.  rork,  .f 
''"•  '■-'!  b^^i.i.  a,„i  that,  tluivlwr,.,  tl:.  .uunv  ,.f  ,1,^.  uiivin.-  I,a<alt 
u:'~  .iu--.lly  l„.,u.a,l,  rl„.  ,val  l,aM„  i!..]).  Tl,,.  wi,l„|,awal  ..(  .i,.. 
■■I'vni,'  l.a.alt  nK.irn.a  lr,„„  ,|,.  ,,::;,,„  |...u.a.h,  a,„i  it^  u..,„,si,i,,n 
""  *"!'  '"  ""■  ^■"^''  ''^'-i"  "■■'■'i'l  '•^"■-  a  .va,l.ju,.,n..ut  l.v  ,iuki„^  „.■ 
til.'  Mrata  l,..nv....„,  a,,. I  i,;  il,,-  iva.lj,,^  m.nr  lai.liinii  inl-lit  lia-,- 
i:rr,.,|. 

,  ''"■  '■■''•'"■■"•■■-  -n.-  -I  U..  Tala, ,„.,:,  ,ii-.rl,-t  i-  nu,.],.  „,,  ..( 
<■'■  Ks  ,l,al  aiv  .,,  ,,,.ilv  uvatl,,.,-.-!  ,iou„  ,|,al  naluiMJ  ..xpo-artM  (,f 
tlu-m  an-  .■niM;,araiiv..lv  .-an-.  T.^  -I.i,  fact  .1  is  ,i,„.  ihat.  a!th.a:d, 
■•"Ml  wa-  l.u.^  k„.,un  .n  ,,ai.a-.a.  i,,  Cjii,;-  ,a|.-i,.  it  wa-  v,.,r-  M„rf 
>•  ^va>  .i, -,.,;. ,v,i  ai.vui,,.,-,.  ,1...  I'l,,.  -1„|,.  |,,,u  ,,,■  ,|,^,  ,„,.i,,^  ^,,,. 
;!"■  >..ltcs!.  aii.l  can  uft-n  I-  i.i,  ,iliil,.,|  an.l  -,,11, ,«,■,!  I,v  a  .j.-piv-i.^n 
■■>•  tli>-  surface  „f  ll„.  j:rn,n,.|.  Tla.  .a.al-.cn,.,  ar,-  tl„.  ,„„st  n-i.- 
■■•>;!  i,.,uilK..rs  an, I  wl„-n.  llic.v  are  int.  rl.cM,.!  with  .l,al,M  thcv  I'or.a 
liap]  uui:^fan.linu'  riin  will,  .|,.|)n-M,,ns  Iciwrm   ihcni. 

Tlic    wl„.l,.    Icnnatiou    i.    .■|,aracf,.,i/,,.l    in    tlic    r.^-ffrapliy    l.y 
r-anilfii  mitlin,-;   an.l  f;'i'nll,'   .-.In]),.^. 

I-:.,/.,;:,,/,     -n,,.    ,,l,i,.>r     fnrniati..n     uati,     whi^i     tl„-    C.I.iuatvr 
-ri.-    i,   in   c„n,a.-t    i,   ||„.   Tuiaiur.ai   j^rn,,..   an.|   the   naunv  of  this 
''■'""'■'''    ''-■^'^■"-"   ""   'l""l'^   "I    '!"■   ivhiticn   cxi-iin-  l„.,u-,vn    th,-,.   two 
..•nui..-  .:f  ro.-k-.     On    r,.a~,a-  .-.ik.h  tl„.  l,,«,a-  -an.i-ton,-.  .,(  ,1,..  Coj,!- 
".il.r  -,.ri,..  nm,.,-,,,,  within  a  iVw  few  ,,f  il„.  Mark  an.l  Mui-h  elates 
■'   ''"•    riil^iimvn  iivup.     Ti„.  ,an.is,o,„..  ,li,,  t,mani-  the  -.cihuvst, 
Mii'l   strike  ahoul    S.  Co'    K..  while  the  slates  pirike  aheiit   X.  .;:,      K. 
■n..l  .lip  .;:.  .ieffr..,>s  t..  the  north.     A  ,li-oonlan.-,.  ..f  ,Ilps  with  a  niu.'h 
liiKher  aufrle  in  the  Tuhinavn   n„-k.   ,l,an   in   tli,.  CoMwai.T  .-an   also 
I"-   "■'(.■.!   on   th.>   trail    to    the   Cranii,.   Creek    mine-    uh.-r..   that    trail 
'•r-ss.-s  ilio  c,,nla.-l  hetw.vn  ili,„.  iwo  v:i:,,n.f  of  rwek-.     'ilie-e  facts, 
'-Mple.l     with     the     s,r,„ii:    .lilfcn.n.v     in     s,r,„-,oral     an.i     plivsh-al 
•■■:'!"r,.s  hcw.vn  the  two  ^rcp-  ,,f  ,oeks,  pn.v.'s  iha,  a  lonj,^  pcrid 
"t   limo  ini.^t  have  elaps,>,l   l,etue.n   the    ,h'p..sifion    of  cad,    ^rcp. 
The  (vi.lcn.T.  si,.:::eMs   that   th,.  mcks  of  the  Tulatneen  pronp  were 
"I'tnn.0.1    an.I    (■o„,press,.,l.    a,,.]    th..ir    ck-es    tratieate.l    hcfore    tli... 
■I'To^ttion  of  the  Col.lwal.r  -..nes.     [„  oth.er  wonis  thrr.-  is  a  sfvonf,' 
■ni.'.nf.iianily  hetw.>en    th.-   Hv..  liToiips   ,,f  v,,cks. 
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(,i  I  pi  '  ".ic  \i.  si  l;\■|•.^  ,  <  A\Aii\ 


Ai' Ill    i\V(p-tliiri|s   i.r   it-   riiiiiT  Liinii'i-   ll.r   (  nMuatiT  -rrii'-;   i- 

ill  il'i'cct  rfiiitiict  witli  the  ('(■•hii-  viiiniiiii-  -cii.'-  'I'liii  (•(Hitiii't  is 
(Icscrilx'd  in  liftiii'  en  ;i  iin-.-iilint;  ii^iiii",  Tlic  tuu  -.  ri<-  iir'  tli<'i>'  -tatiij 
to  ]»■  ci'nlnrnialilc  with  rm-li  ..linr.  1.(vmii-c  tli<'  loWir  :-tnila  "f  tin- 
(I'lilwali'i-  .-crii'-  arc  iiilrrl>i'.|i|i'il  with  <\\i-  iip|mt  n  cijIpits  n\'  lin- 
Cnlai-  V'ijrani.'  scri.-..  Tli.'  l.iwrr  IpcI-  m|'  ilir  C.il.lwalrr  -crii's. 
I-II1I-.1.-.I  iiiL'  lit'  <'(iiii.'li'ini'riiti'  iia--iiiL:'  ii|iWai'il  iiitn  -aiiil-tiuii'.  Ih'ihiiii' 
M']iaraicil  tru'ii  tlii-  main  Imily  nt'  tin-  -rrir-  li.v  a  wcil'^r  ut'  tlu'  Ci'iar 
vulcanii'  -crii'-  at  l-'ra-iT  yiilrli.  I'a  —  inir  arnunil  tlir  wr-^tfrii  <iilr 
ot'  till'  lia-iii  triiiii  imrtli  tn  -nutli.  liir  ciiniiiiiiiii'ratf  am!  -anil-lum 
ilii  lilt  aiiaiii  aiiilr  with  the  main  Imily  nl'  llir  ( 'i.lilw  atrr  -eric-;  uiilil 
tlic  WL'ilt-'c  cf  (.'fihir  v.ilc-aiiir  rurlis  pim-hi-  nut  mi  thr  Xm-lh  Furk  nl 
(iranitr  i-n-rk  at  the  S'liillicrii  rml  nt'  ihc  ha-in.  In  ihi-  ili-ilann' 
thr  ^aiiil-tiim'  ami  i-iai:jhimiiMli'  ran  \>f  !m!iiii1  nntiTuiipin^  in  ;. 
niiinhcr  nt'  ]ihii-i-,  and  in  ntlirr-  th-ir  im-iiinn  can  !"•  iilciititinl  hy  tlii 
t(iiHii;raiihic  c.\|irc7.-iiin.  Tiic  iviili mc  ^h"W-  tha'  ilciin-ilinii  nl'  the 
hiucr  hcil-  I'l'  the  CnMwatcr  -eric-;  lic^;aii  in  thi-  riiiimi  hcfcrc  the 
cxtru-ii'ii  ami  ileiMi-iiinii  nf  the  n]>|icrniiist  iicil-  ,.!'  ihe  ('cilar  vul- 
canic M'ric-,  ami  hence  the  twi.  iierinils  cvcrlaii  ti.  a  certain  cNteiit 
ainl  there  is  im  time  hreak  hetuceil  thcin.  The  ili|i-  nf  the  t\v.> 
>erics  al-ii  ci.inciile  in  ilc^r^  .ml  ilireclimi.  and  their  -tratii  arc. 
therel'iirc,   ceniiirinahlc. 

The    iiiily    yiiiiii^cr    fur  vitli    uhidi    ih-    ( 'nlilwater   -erii- 

i-  in  ceiitact  is  tlie  nliviiie  1  .iii.  Thi-  lic>  a-  an  alii.n-t  Iniri/nnta! 
<hect    liMT   the   tup   of   the  ('nlilwater   -cric-i  enverin:;'   ahmit    niic-lliiiij 

nf   it-   Intal   area.      Th -tual  cmitaci   hetween    ihe   twn  wa-  linulieri 

fnuni!  cxpnscil.  'I'he  rclatinii  lictwi-en  l!ie  tun  fnrmatiniis  is  hc-i 
seen  near  the  lieail  nf  l-'ra-ci-  jiiilch.  At  llii-  pnint  the  sanil>tniie- 
iiml  intcrhi-ililcil  -hale-  nl  the  ( 'nMwater  -i  rics  dip  at  an  ant;lc  n! 
:.'."  ihijrcc-  tnwanU  tin  -mith  and  -trike  directly  uiiderm'ath  the 
cnveriiii;  nf  llat-lyin^  nii\liie  ha-alt.  Th;it  the  -trike  and  di|>  nf  tin 
saiid-tniics    pcr-isi    iindernealh    tl  -alt    I-    indicat   d    h.-,     thi'    tnp. 

jrra|ihy   nf  the  surface,   which   <hn\vs  parallel    rid^e<.   pre-mmihly   n' 
sani'-tniic.  -eparatcd   hy  Imllnws.   jirnhahly   markini;'  -hale  ln'ils,  cm 
tinuim:    up    In    t.hn    cmitact    nf    the    ha-alt.      The-e    feature-    indicaP 
thai    there   is   an    uiicniifnrmi'y    hcluecn    the   twn    Inrnuitinns.    fnr   th- 
('nlilwater  series  mu-t   ha\c   tir-l   ••(  all   hccn  lilted   and  then   the  ni 
fiirned   fA'i,->   truiicalcd    hy   irn-inu    hefmn   the   nrniiie   l.a-^alt    tlnw. 
nver    its   -urface. 
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lUv  structi..-..  ol  .Ik-,.  UH'k.  ,nn\  tlx^ir  a.-M-iatiuU  with  In-U  „f 
•■■  :.l  in.li.iitf  that  tlu-y  uvn-  lai.l  ,l„uu  ,„  a  hurizoiital  ur  nearly 
!i".-i/..ii,tiil  attilii.k.  hy  til.,  artiuu  ol'  uai,r.  Tl„.y  l,uv..  heeii  ,-ot 
rohup.l  l>y  tl.<-ir  {o-^l\.  uith  Davv,onV  CoMu-ater  group  .IwctIM 
iu  In.  ropori  on  tlu-  Kauil.,,,,,,  Map -.-.h,.,-!.'  la  tlu-  .•„urse  of  thr 
pro..,,,  oxaiiiiiiatioii  ot  tlion,  ,„.  further  iiitori.uiliori  wa:»  obtaiucj 
■M  their  inodo  of  origin  liuni  that  ■nitline.!  in  the  report  above  eifih 
|iaw,on  <tate.  liiat  •  ih,..,-  I.e.i-  were  lai.l  .l,.wn  i„  lakes  or  n  er 
c~tiiari0N  in  liollow-  tlfu  ..xi.-tiMf.-  i„  tho  oM  ,lenu,h-,I  siirfaec  of  the 
Paheozoio  nn.l   Tria-Mo   r.,rk<:  aii.l   that   'they  may  well   represent 

the  uork  of  s,.Mie  rivor  -y-ioiiw  of  ll ariy  Tertiary  time  of  denu- 

'latio,,;  It  n.ight  he  aririoM  from  the  pre-ent  .hape  of  tlio  Cnhl. 
uater  -eriw  of  ihii  (li-lriri.  ,,  shape  whieh  i.-  now  oval  hut  before 
eonlpre-^ion  might  very  w,.||  have  hroii  alnio.t  oir,-i;lar,  that  the 
evhieneo  m  favour  of  it  having  he.'n  a  lake  ha.in  is  stronger  than 
that  for  an  estuary.  Indee.l,  I'enhallow/  in  sp.akiiig  of  rooks  o> 
similar  age  outcropping  on  the  Tulaineen  river  near  its  junetion 
with  the  Siinilkameen,  di-linetly  states  that  -the  beds  were  evi- 
'l-'iitly   laid  down    in   the   bofi mi   of  a   lake.' 


.\(.i:  .\M)  (  niin;:i,Aii()\, 

I'lie  determination  .f  the  asje  of  the  Cddwater  serie.  ui  the 
rulaiueen  distriet  depeieN  entirely  on  its  fus>il  plants.  I'lant 
remains  were  eolieeto.l  from  three  ditferont  localities  within  the 
area  covered  by  this  series.  The  most  productive-  lo<Mlity  was  one 
n.-ar  the  head  of  tlie  little  Xortli  Fork  about  the  middle  of  l,.t  L'lr, 
Another  was  at  tlie  liead  of  a  small  creek  flowing  into  Collins  gulch 
and  directly  south  of  Jack-on  n^ountain.  The  third  was  in  Collin.s 
gulch  immediately  helow  the  point  at  which  .•nal  mining  wa^ 
formerly  done.  The  two  tir-t  nieiuioiicd  localities  were  in  the  .shales 
which  form  tlie  middle  of  the  three  groups  into  which  the  whole 
series  was  lithologically  divided.  The  last  was  in  the  sandstones 
which  form  tli(>  lowest  of  the  three  groups.  Besides  those  three 
localities  a  few  plant-  of  the  same  varieties  were  observed  in  .sand- 
stones near  the  lioa.l  of  I'ollii  ■  guh'h  ami  in  the  sandstones  iut«r- 
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calate.i  with  beds  of  the  Ct-Jar  vol.uui.:  scri.-,-  w).icli  form  the  base 
of  this  series  and  which  outcrop  in  I'.lnir  .leik  on  the  north  side  of 
the  Tulanieen  river. 

A  collection  was  .iiadc  of  <.v.  r  l..rty  ^[wimcn.s,  many  of  which 
were  well  preserved.    Tliesc  wcr,.  stiuliod  l.y  Dr.  F.  II.  Knowlton,  of 
the  United  States  ticological  Survey,  wi,o  1ms  boon  able  to  identify 
two  different  species  of  plants.     'I'be-c  plants  arc:-- 
Cc'inploma  cii.sijiJiita  I>i-|iiir  iix. 
''^etiuoia   laii;j^<lnr/li   (liroufrniart  i.   ll.or. 
Dr.   Knowlton   says  that  'this  material— thirty-nine  apocimens 
of  the  conifer  and  a  single  dicctylodonous  loaf— is  not  sufficient  to 
detinitcly   ti.\  the  ag-c,  tla, 1.^.^1   it   is  presumably  Oligocene  or  lower 
Miocene.' 

Acceplini;  Dr.  KiK.wlton's  determination  of  the  ago  of  these 
rocks,  they  can,  tlierefori',  V  correlated  with  certain  coal  bearing 
rocks  called  by  Dawson  the  Coldwater  group,  which  are  found  at 
the  following  places  in  th.-  adjacent  region  of  British  Columbia: 
Hat  creek,  Copper  creek,  Xicola  valk-y  at  the  junction  with  the 
Coldwater,  and  the  Similkanieen  valley  at  Princeton.  Three  variou.= 
localities  had  already  l>oen  correlated  with  each  other  by  Penhallow 
in  the  report  cited  above  and  their  ago  determined  from  plant 
remains  as  Olijrocene.  The  same  conclusion  in  arrived  at  by  Iland- 
lirsch  from  a  study  of  the  insects  1    md  in  the  beds.' 

In  the  adjacent  region  south  of  the  International  Boundary 
line,  coal-bearing  kds  having  a  strong  lithological  resemblance  to 
those  of  the  Tulanicen  have  been  described  under  the  name  of  the 
Koslyn  forniation.'  Thi.s  f(,rmation  is  classified  by  the  United 
States  (Jeologieal  Surviy  as  nj.per  Kocene,  but  it  may  probably  be 
of  similar  age  to  the  Tulaniceu  beds. 

The  o«vurreni-c  of  Aniyzou  in  the  beds  of  the  Similkameen 
area  at  I'rineelon  led  Co]),'  and  Lanibo  to  correlate  that  area  with 
the  Am.vzon  l«ds  of  (hv-Juu.  Nevada,  and  C.ilorado.  The  cornwi- 
tion  of  the  beds  in  the  Tulanicen  district  with  those  at  Princeton 
wniiM,  therefore,  include  c<.rrelation  with  the  areas  in  the  United 
States  mentioned  above. 


1  fi'§'5v\,  M™"''  No-  l-'-l'-     ''ontr.  to  Can.  P;iNp,,nt'.|c.iry 
'  U.S.G.y.    Folio  No.  131).    iihm;. 


^      i  ^^^ «; 


tulam>;e.\  district,  u.  c. 
Otter  Granite. 


Ot) 


M>llillir  ii.,N. 

;!  :,;"  "';■  ^■"'••;'- ;''■-  -^  "<tor  val^y.    nus  bo,ly  is  .I,.„,at.J 

.n  ..,,..,!,  .M.U..,1.  J„....,,,,n  nn.l  iKH  a  le,,,,h  wirhln  , I.,.  ,i,,,it, 

•     ••    '-l_;>   .M   Mnl,.s.     I'-  w„l.l,  v.rie.  from  one-h.li  m.le  up  ,0 
:.■,;'"."■     .■"""  """•'  '■■'•'■'^  '"    ^'"'  «""<!'  it  -xtoid.   uorthwanl, 
-"-a,,   ,...  ...st.ru  .l„po  ,„■  „H.r  v.ll.,v  :.,„1  passing  out  i,oyo„d 

'h,-  ),„,n.  ,  f  ,he  map  at  M.nni,,,.  .roek  as  n  .l,k,  -like  UhIv  a  i„,l. 

■■r.  tl,n,,  hah  a  „,ilo  wide.  To  the  north  of  tho  ,nap  it  crosses  t" 
'1-  «-^-t  s„i..  o,  Ott..  valloy  a,„l  ..o„ti.„e.  .„  i,.  „,at  .iin-o-i,,,,  fr 
>in    11, known  distanee. 

\  >n.alh.r  hoss-like  hody  outcrop,  on  ,ho  rid,,.  l,.Mv,-.cn  liould.r 
and  Ife>r  ,.r.eks  south  of  Spoaring  n,ountai„.     This  body  is  nu.pp.d 

as  be.n.  about  ha  t  a  „,ile  in  dian,otor,  but  as  th.  ,■ ,try  on    ho 

-lope,  of  Bear  crock  ks  h-.-avily  ,i,„b,,od  and  .Irif,  covered,  the  .real 
extent  of  this  body  in  that  dircnion   is  n.erelv  co„ieetural 

Over  the  greater  parr  of  i,s  area  the  Otter  granite  is  fairly  .-ell 
expe.ed,  and  as  U  ,s  one  of  the  youngest  fon^tions  in  the  di        ■ 
the  area  u,apped  as  such  represents  the  total  exposed  area  that  t   ,= 
ormafon  ever  had,  not  including,  however,  that  ,art  which  n.ight 
be  oovorcd  by  the  recent  ileposit-. 

IITIIol.ocV. 

It  has  been  found  in  the  c.irse  of  the  mapping  of  this  form  i- 
t^on  that  while  the  typo  ro.-k  of  ,hc  nn.in  .■entr.d  portion  has  a  well 
marked  uniformity  of  physical  n„d  ii.ineralogical  .■hara..tcristic.  it 
"US  .ordered  on  a  few  of  its  contact-  by  a  rock  of  mo,e  basic  con- 
!"'.-!tion.  It  was  at  first  thought  that  this  bordering  rock  rcpre- 
.^cted  a  totally  ,iiffercut  type,  and  for  a  time  it  was  mapped  as 
^ueb.  On  examination.  h.,wever,  no  sharp  ■outacts  culd  be  found 
bofwccn  lb.,  two  type.,  and  the  field  evidence  Migu'c^tcd  a  transition 
"  fw.rn  them.  .'he  microsco,,!c  study  of  sam,.:es  taken  from  the 
border  typo  ten.Ied  to  confirm  that  suggestion.  The  structure  also 
ot  the  two  types  of  rocks  showed  that  they  were  n.^f  widely  -ei  araied 
m  time  of  intrusion,  and  that  they  were  both  comrarativoly  recent 
ivcks.  The  cmhined  weight  of  tliis  evidence  led  t..  the  conclusion 
11X11  j     7' 
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tiiJt  th.  Miif  lv|„  wii-  iii.r.'ly  II  i.i-ic  hordcr  pluis,.  of  tin-  otlnr.  (\,:\- 
-■'inontly  tlir  t  v..  tyiM-  wci.-  grouped  torother  ami  licve  b.-eii 
mapped  under  the  name  ot  Otter  gninite. 

The  t.vpi.-iil  rcK'k  ..!'  tlii~  t'l.riiintion  is  |,i,iU  ;,,  culuur  uiui 
niediiiiii  gniiiifd  in  texture.  ' :,  yciieriii  llie  tixture  U  crunitie,  but 
tlit-re  is  (MviisicTKilly  a  t.-ii,li>nry  in  it  tn  (!■>■  elop  a  p<.rpl;yritie  slrue- 
tiir.'  in  wliieli  tli.-  pli.'ii.MTy-is  :,re  iar>;e  white  feldspars  in  a  pink 
grnindniass.  Tiu  r,,nMitiienl<  that  can  he  identilied  in  tlie  tield 
aiv-  pink  and  whit'  tVid-par-.  qinirl/..  a  littl.'  I.i..tit.  .  an<l  ^mnc  li-rn 
blende-.  In  this  type  ihr  acid  minerals  greatly  preponderate  over 
the   hasie   minerals. 

'I'ho  e.\lrcirM'  hasic  pha-c  ,,l'  the  Otter  pranite  furniation  i-  a 
dark  colonrcd  ^rauitil•  reck  -hnuinj,'  white  feldspar,  some  quart/, 
and  n.ueh  Idack  liernhlendc>  and  less  hiotile.  In  this  type  the  dark 
eolourcd  minerals  are  mnch  more  ahnndant  than  in  tlie  main  type 
mentioned  ah  nc.  Jntermi'diate  types  of  rocks  have  some  of  the 
chara<-teristics   of   the   tw.p   cxtrcn'cs 

In  the  thin  M'ction  the  wh(jle  Otter  pranite  formation  from 
the  most  acid  to  the  extreme  hasie  type  is  ■■haraeteri/.ed  by  eontain- 
inii  quartz  and  orthoelase  intergrown  together  in  a  micrographie 
structure.  .More  in-itances  of  this  structure  are  seen  in  the  aeid 
type  of  this  feruuition.  because  in  these  the  quartz  is  more  abun- 
dant; hut  even  in  the  ii.ist  hasie  type,  which  is  a  quartz  miea 
diorite,  any  rpiartz  present  is  generally  intergrown  with  feldspar, 
or  eKe  it  is  interstitial.  Hiotile  als<,  i-  an  esscntiol  eonsiituent  of 
all  phases  of  this  formation. 

A  sample  taken  from  the  .\ist  side  of  the  north  end  ..f  Otter 
lake,  aiul  typhal  of  the  main  body  of  the  formation,  has  been 
a!ialysed  by  .M.  F.  Connor,  of  the  .Mines  Branch,  and  its  ehemieal 
eompositioti  i-  given  hel.)w.  rinjcr  the  nii.'roseope  this  rock  is  seen 
to  contain  clear  glassy  qiuirti;  intergrown  with  turbid  feldspar  in 
a  micrographic  structure.  The  feldspars  are  always  altered,  and 
are  both  orthoelase  ami  plagiocla^e,  the  latter  being  fresher  in 
appearanic.  They  show  no  albite  twinning,  though  Carlsbad  twins 
aro  common  and  there  is  son  e  zonary  banding.  Biotite  is  sparing 
in  snuill  pleochrcdc  shred-.  There  is  a  little  accessory  magnetite 
and  apatite.     The  chemical  con:positiiui  of  thi-  rock  is  as  follows:  — 


!■    ui    \|\. 


Ill'll.".       |,.    IIHI. 
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^1  '..    . . 
AMI) 
FWti.    .. 
KrO.    . 
McO 
CaO  ... 
Narf>     . 

Hj()-.. 
Tit),  . 
Prf)*.. 
Mnu. 


:.'  .1.' 

(I  «7 

1  :t- 

0  .W 

1  52 

I  >li 

.1  .M 

II  «7 
II  IMi 

0  ;io 

II  17 
II  II.' 

KK)    Is 


""■   ^'""'•^-'-    i'"l"^'"-    lli^il    tl..' k    i~    .    um-h    II.  1.1   ^r.,.,t. 

""''  •'"•  l"'-"l'"''i'.v  'Inn  tl,.. i-  ,li,h,iy  |,i,|,„,  ,!,,„  ,i„.  |>„t..h. 

■ni.l.    thrn.C-rr.   ,„h..1,   „t'   il„.   n„UNl„n,-.|   ,.|,„„lv    l,.M-|.,r  -,■,„    i,,    •!:,. 

''''"    '■ ""■'    '"■    ^'"'i'--    '-.illi.'i-    tl.;,n    ,„-tl,.M.i:,„,       .\,.,-„r,|i„M    ,0 

'h.-  Q.Uinfitativr   CLi.-ili.-nt:  ■•     -,t    I^n...,,-    i;,.,.k.    tin-    r.wk    is   l.-.- 

In    til..    ,,„r,,|,y,i,i,.    v.niH.v    .,|     ,h,     „„|    ,,,,.,    ,|„.    ,,|,j,,,    j,,^^ 

-.•VMS  prov..  ,„  1„.  |.i.,i,„.|,„„,  ,,,„,„  ,|„.  |,i„k  .n„.,.,|lM;,-,  i,  ,.,„,. 
P.-I..1  ..t  sniMll,.,-  i,„livi,l„„U  ,.r  „ril„.,l.s..  ,„,!  ,,m>rlA  I„  all  tv,„  . 
Mil-  plaf;i....|i.s..  is  M„„,.  i,li,.„H.ri,|,i,.  ,l,a„  iIk.  orllio-l,,-..  i„„l  appt,.,-. 

t..  luiv  -rysniili/o,!  „„t   1h  r,,r..  ..i,l„.,.  „,•  ll„.  ,,rtl l;,-.-  ,,r  tlir  ,|Uir- 

»ln.-li   mmiiiuvl   t,.  .n^n.lli/,.  ile.-tli,,-  ,„  il„.  ti„,,l   ,„-..lH.-t. 

Int,.nm..li;.tf  t,V|H.,  „l  ,|,i-.  f„niMtin„  ,.„„ii,iM  ah  ;i|i|,ro.vi„,:,ulv 
"i"'''    Vi-"V"rtu<„    „t    „rll„M.|„„.    „„l    |.l;,«i,„.l„s...    .n.l     imi,..),    lu.ni- 

l.l.ml-.  gi.lirl/.  i~  1..-.  ;,l,„M.h,M,  MM.I  i-  i„.,.r«rnu„  ;,.  UMUlj  ui.h 
'l.O    t.  l.kpiir.       Til.Mil,.    i-    |„.,.-,.„l     ;,.    ;,n    ...-,„.y    .■„„-,  itllOMt.        11.;. 

lypo    IS    proi,;,l,|y    :i    f.;niii...li.,iiu.. 

Til..  ..MivMu.  liuM.-  lyp,  .  ;,,-,•  .lioritr,,  „li  „f  „l,i,.J,  ,-,„„aiii  ,|uurl7 
in..i  nil..,,,  lu-i.lr.  ii„.  r,.|,|-p„,-  .mimI  l,nn,l.l,.,„|,..  an,!  in  „„e  section 
M.nc  iinyii,.  .;,.aiii>  .u-f  pri.„.„i.  Kxaiiipl...  ,,r  th,-,-  lypos  uro  iounA 
at  ill..  ii..rtlici-ii  limit  ,.l'  ilu-  iiiap,  ,„j  ilir  ra-i  -j.l,-  „\  Freiiibd  lake-, 
•'i"l  "■  th..  iiorlli  ..f  ill,.  l>i-i,„-,-i,,ii  uai:.,ii  n.a.l  l„.|u.,.c,i  Cook  hn.i 
'  liiiKi  ci.i.t'k-. 

Tilt.  Oiler  sruiiit,'  runjiiiliiiii  i-  alway-  fresh  l.iukiii^.  ami  shows 
■111  its  outcrop  little  e\  i.l.iiee  ..I  iiietaiii.Mpliisin.  I„  the  t.hin  -eo- 
li'iiis  the  imly  evideni.e  ..I'  alteiatii.ii  i,  .,.,.,1  i,,  tin,  tiii-l.id  eluiraeter 
••t  the  tel.Npar,  and  in  this  alterali..n  th  onlio.las.-  goi^s  n,,  ,e 
vapidly    than   the  plagioelas.'. 
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STHI  (Tl  llvl     III  I  MliiVM. 

Iiil-,,,,)!.  H,..-iiii«,.  it  i,  ,,111-  ,.|'  thr  v,,iinK,'st  I'.irii  .•iti...H  ii.  till' 
'llstrict,  iiiui  lins.  been  subj<-ot...|  „iil,v  to  thoso  .lynamic  disturlmti'v^ 
which  liavo  r..llow.p,|  (In,  ()li^f„.,iic  iH;rin,|,  th.>  Otter  trraiiito  forum- 
tinii  is  still  imi-ivc  in  ^tnictiirt'  mv\  fru-ih  in  apiK'urnin'C  It  i-«  not 
riaversf.l  In  tractiir.'  iilaiir.  ami  .Iocs  not  l.ivaU  aloiiK  il  miuilwr  of 
.(••tinitf  lipf-.  Till-  only  a|.|ianiit  lino-t  of  lii^lncntioii  in  tho  rock 
are  due  to  j,.intiiip.  and  joint  planes  were  noted  iiinninK  in  'w,) 
■llieelirin-.  nnnirly,  S.  Ml'    K.  and  S.  l'.'>     !•!, 

As  de-critied  in  a  preceding  .•.ection,  the  (Hl-r  ifranilo  forma- 
II. 11  is  not  hoii  ojjeneoiis  in  coniposiii,,n  tliroiijriiont :  hut  while  the 
main  hod.v  .,f  iln-  rock  is  a  t'raiiite,  ,,ft,.n  on  its  outer  borders  it 
passes  l.y  a  .  haimc  in  the  relative  proportion  of  the  tw,,  kinds  of 
feldspar  int..  a  r...-'i  wjiicli  i-  pr..per!y  calle<l  a  quartz  .ll..rit«.     Th.- 

■imirtz   ,li..|-ii.-   .I....S    ,i„t    ,.., ar   cv.-iv  wh.-i-c   ,„i    th..   I...r.|..rs    ni   the 

uranile,  l.iil  !-  priscnt  i,,.,rc  csp.-.iajly  ,,i,  the  Iw.,  cii.Ls  of  tliu  body 
:ni.|  only  ,i,  pat.  he-  .,n  the  si.lc.  The  cans,.  ,.f  til.  variati..n  in 
'■■■niposit;..ii  i-  11.. I  n-adily  appar.iit.  but  i-  th. .unlit  t.,  1..-  .lue  ratlier 
t..  .litr.-rciiiiati..ii  in  the  ma.,'ui:i  tlian  t.)  assimilati.in  ..•"  rock" 
throuffh  whi.li  till-  r...-k  has  b.-.-n   ij.iu-l. 

/v./.r/.((/.-^()u  111.-  .livi.l,.  1..UV.  cii  l!„u|,|,.,.  aid  Hear  .-Teeks 
-uith  ..f  Sp.-ariii-  m..uiiiain  ai-.^  ,xi...-.-.l  c..iiia.-t^  of  Otter  granite 
with  th..  Tnhiui.'.-;i  ;jr.iup,  an. I  with  aujri...  sv.-nii...  Wiib  the 
f..ri;ier  'liter   Kranii,.    lni-i„-    ,,    .-lean    cui    but    ragtfod   contact, 

with  littl,-  ,.\  i.b.i,.-,.  of  c,.iiia,|  m,-lani..i-pliiMii  in  th.-  r  ."ks  of  the 
lulair.-.'n  i^i'.oii..  Willi  th.-  aunit,-  -y.-nite,  t.hc  (itt.-r  -ranit.)  makes 
a  breeciat.-.l  .■..iitact.  sliowini;-  'b,-  pranile  a. -tin!;  a-  a  matrix  for 
aioriilar  frnH-mi.|its  ,,f  syenite.  Karth.T  int..  the  -y..nii.-  are  snmll 
ap..physes  ,.f  ibc  -ranilc  strikini;  at  van.m,  anirl.-.,.  fc.  eacb  ease 
file  Ott.T  yraiiiic  is  intrusive  int..  tli.-  other  ro.'ks. 

Altb,,.u.'li  Olt.'r  granite  is  r.-jir.  scnted  on  the  g.„.ui.)Ki"ai  map 
lis  cutiin-  th.-  I!..ul.h.r  -nuiit.-,  th..  actual  .■.inta.'t  b -twccn  these 
r..<-ks  is  i„,t  cvi...-.e,l,  hc.-au-,.  „f  il„  .-.jvcrintf  ..f  .Irift.  Tli.i  relations 
exi-stinK  b.-twen  tbt>se  tw..  foni.ali.jns.  hnwe\cr.  are  clearly  inferred 

from   the  fa.-t   that  the  Otti-r  Kranito  is  inlru->ivc  into   i ks  which 

•ire  younger  than  the  HouMer  granite. 

Dircct'y  ea-t  of  the  north  .n.l  ,.f  Ott.-r  lake,  as  well  as  on  tlu? 
ri.lge  to  th,-  v.-,--t  ,,f  rhina  ei-e.k.  are  \v,.ll  exposed  enntitets  --.f  Otter 
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103 


(franitc  witli  tin-  ('..li,!'  vcl.uni^'  ,.tI..^.      I  1„ ■..nt.tct^  un-  .riticul 

as  they  .l.'tiTiriiiic  tlif  r.'liitiv.-  positimi  nt  thr  Olt.r  av.nni,.  jn  thp 
table  ..f  )'(.riimti..n-'.  At  tin-  tir-t  iii.-ti(i„ti...l  flue,.  tl,o  ...nta.-t  is  n 
brwoiatcl  one,  foiiti.le.1  an>l  partly  f,n..l  trifrm-nH  of  tho  Owlar 
Tolfanii-  s^riw  [...infj  <ttiI.o<|.I.>i1  ii,  ;,  matrix  ..t  (»tt,r  cr.init.v  At 
the  InttiT  phifo  the  r(,iii,..'t  i-  -hiirpcr,  .awl  tin-  (Mt.T  (franito  sends 
off  apophyses   into   the   vnhaiiio    ri.-ks.     Some   Mietamorphi^m   also 

luis  taken  place,  and  the  voLmi,;,-  roekn  have  1 u  ,liaflen'.l  ho  that 

they  hreak  easily   inln  small  eiilijral   frairinent- 

The  Otter  jrrnnite  i-  imt  intnidf.!  I.y  iv.y  h.rcre  ipne'ii-  iio.lie«. 
I.ut  is  eiit  I.y  a  mmilxT  r.f  -ni;,!l  .l\k.-,  of  whi.-h  .lark  laiiipropli'  •- 
and   liffht   eolonred   aymif,.   p..r!.|ivrir-    ;ir-   thi>   iiio^t   r.irntivin. 


t  dilliToiit  I'rum 
ii-lriri.  ;i!ready 
npwurd  through 
w  ri"t    »'.    niui'h 


The  iie.ile  <<(  orifria  ..t'  i\u-  (litir  tii-imii.  i- 
thflt  of  tho  other  lari;.'  imi.-o-  I,,., In-  ,,!  tli. 
deserihed.  It  'n  hclji'v.'l  i.,  \,:,\-,-  w..rk(,-d  it-  w,i 
thf  (iverlyii  nieks  Ironi  a  imiLnim  cliaiiil..  r  U 
l»y  forcible  injeetion  int..  u\:  ..imm  li.,iir.-.  as  l>,v  urmlnal  n- 
I'laeeinent  of  the  spafo  ...■"■ii;.i,-.|  l.v  ovrrlyini;  rck-.  Ii,  it- 
prcsi-if  Mitlines  it  i^  .iMiiLMt,-!  in  .,  roiwral  north  and  south 
ilirecti(  and  that  sliap<'  i-  the  rc-uit  ..f  tiie  laau-ina  I'ut.'riiis  alonf.' 
lines  that  were  already  predi-pu-e.i  to  w.akii.—    in  'ho-c  .lirprtions 

hy  dynan:ie  foree?.     It  show-  i;-  .■vidnir f  !ia\  in^r  d.-, .  i-v.-l  that 

-hnpe  sineo  final   eoti-olidatioii 


AOh.    A\|l    (  •■Kf!l:i    VTlo.S. 

Tlie  atje  a---ijfnct|  lu  tin  <  iti.-i-  nr.mih'  i-  i^-.d  .tiro!.\  <<u  the 
uuture  of  itd  contact  with  lii-j  Cedar  volcanic  scrioa,  and  on  the 
relations  of  the  Cedar  \idraui':  -.rie-  I"  the  I's-ilit'erous  roi'ks  of 
the  Coldwater  series.  Tli.'  lvI  lence  on  eu'^h  of  thcjo  P')iiit-  has 
already  been  given  in  pn.ri-iiiiy  -fctiMns  of  thi-  ifj,ort.  The  contact 
of  the  Otter  granite  with  tie'  (  idar  volcanic  merles  is  well  ex['0sej, 
and  there  can  he  no  doubt  tiuit  ■  !••  Otter  granite  i-  intrusive  into, 
aiul.  therefore,  later  in  ay  thai,,  tim  Cinhir  vo'caiii'-  s.-ri.--.  On  the 
"ther  hand  th(i  Cedar  v.di'anii'  .-.Ties  is  conformable,  and  in  its 
upper  part  cfintenipor!iiie..iis  uiih  the  lower  part  of  tho  CoMwater 
series,  so  that   the  twn  -orio-    u-.-  virtually  '■{  the  -aine  aif:'.     Fojsii 
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7 '■''■'"■'■  '■'"'■•■"  ''"■  '  ■■l-l""l..'  -ri..,  ,„  ,l„.  Oli,.,,,..,,..  ,...,i,„l  ,-,■  ,1,.. 
l.-rnnr,v;  .■..„-.  ,,m.-„.I.v  ,1,..  („i,,  ,rnni.,.  i,  ,.„..<  .|i„,„..,„..  |„  ,i,ne 
"f  ititru«loii. 

'"    ''" •■-'■    •'■     I'i'    "•■I'k     IN    ih.     K-.,,i,l..„|M    aiMri.'l,     1)1. 

"""'■'"'    '•'■■"«"i""l    i»"    I'M-, .Ml-     ,|     v„|,.m-m    In    th..    T.-rt.nrv 

-IK.n.t,.,!   1.     ,   ,„n.„l..n,M..   I.„. ,„„.•.      1  I..  ,.|.|„p  „f  ,|.,...-  .«o 

1..T.O.K    ,.,-,„|„.-,.,l    ,.    M.rl,.    ..i   r...k,    ul,i,.|,    f,..    ,,|,„...,|    ,„    tlu.    l.,«.r 

^' ','"'•   "'"'    •'"•   .V"""»-">-    ",    .1,,.    M|.|„r    \1, .„.,.„...    with   a    ,,r,.t,.:l.lM 

"■ iiti.riiii   V   |..4«i'.'ri   tin'ii-. 

''"  ■•^'  •'<■■  '■■'-■'il  ••!  ll,..  lulani.,:,  .Ii-ln.|  ,,  ,-,,ir,  hit.  .1  ..ii 
!illio|ni:„-,,|    .,,,,1    -irn.-tin.il    ur.,nw\-.    mil,    II.,u-..m',-    :i|,|„.r    Mi.r.-ne 

I'mL-.      |'|,|,    |,„.„,ai,.,„    !„.,   .,,  .11,  ai -I    li,,ri/..nt,il   -li.Tt,  ami   .1..,.^ 

""'  •■I'l'-'"-  •'■  !''>•■  l"-n  .li-lurlM-.j  -i.M,.  ,,-  i„in.-i..,i  over  tl,.. 
""■'"'■■■  ''  "]'!'■■'>■'  '■■  I"-  ^■.ll,.^.,■r  tJKiii  tl„.  ()it,-r  Krani;  •,  b,..aii<e 
it    1-   i„a    iva.Miial.l,.   i,,   -,,|,,„.,..   ||,at    it    m,miI,|   |,a\,.   rfiiia -iiimI   un.li-- 

""■'"■''    ''"""i-'l 1     '!„•    ,„.ri,„|    all,,,    ;li..    Oii,.r    ;;,ai,u.     wa.    1.,,,.^ 

"■■"''I''"!         'I'Ik-     ■•  ii.ln-i-,i     i^     .Iraui,.     ,l„-,vr.,h-.     that     tlio     tttl.-r 

tfrn.iif    i.r.T,..|,M|    ,|„,   ,.x,n,., .,    ,|,„   „ii,i,„.   ,,,,,^,1,^   ,„„|    ;,    ,,„, 

liltt.-T  i-  lalo  Mi...-,Mir.  Ill,  ,1   i|„    (»tt,.r  ^,i-,,iiii.    M,i,-l    li,    al    l.a^t  ii  LMli; 

Miiii-rm-  ill  im,. 

ii.v    aia.lla,    .■,.„,„,  ,,|    I,  ;i.,,,  :,,!;.•    ||„-   >a, nnrlii-i,,,,    U   iiin    ■! 

at.      •||i,.  ()iig,„-r,i,.  |„  ri,..|   ,,i    ,li-iiirlN ua-  .iw-.-.l   l,v   a  |,crii..|   ..f 

•li-liirl>aii.M.   a„.|    iihaiMlai,,    ImiiI,!,,,^:,   wh.ai    th.'   -.■.Iiii„„,.   ,hon    laid 

''""■"   "■'•'■'■   ^'l'"in,r,l   an.l   ,|,.r„n I.     Thi-   ,..  ■   ..,1   ,.(  ,|i,,„rl.i ■   is 

r-vor,!,..!  ,„  fl„,  Tiiiani.',.,,  ,|i,tii..t  ,f.,.lf.  l),,«-.,„  i,,  the  rfi„Tl 
C11..I  at,..v,.  .v.-.,yi,i/,.,  ,!„.  ,„„„.  |M.|-i.,.|  ,.[■  .|i,fu,'l,aii.'.-.  as  aU..  Av 
'la.  ,,thr,.,-  ,,r  ,h,.  r„i(,.l  <ial,-  .;..,.l,..„..,i  Su.wv  i,,  th.^r  w..rk 
'"  ''"■  '"li^"""!  ,■,-„,„  „.,,ih  ..r  ,h.-  Inl.  niali..„al  l!.a,,„lar.v  li:  . 
It  ha,  .„„u-  t.,  h,.  r,...,.f;.,l.,.,|  a.  •.oii.-fhii,-  ,„..ro  thai,  a  men-  .r.in- 
'■■''""•'•  '1'^"  l.ath.,lithi.'  I, „,•„-;.,„  i-  -„  ,„„,„  prr,v,i,.,l  by  m„un- 
'-'>.  l.niM.i,;,.  S..  ,„:.,,v  l„Ma,Mv,  ,.(■  ,|,i,  -,.,„K.n.o  have  hocn 
'-.■•.r.h'.l  that  it  ,-  „.,u-  ;,|„„.-i  ai,  .-rahliMio.!  ,-i,I,.  „f  .jvpauii.al 
|rnol.,,y  tl,at  l...t,.iv  l,ail,„li,hi..  ,i,t,.„M„„  ,1.,-,^,.  ,„„„  ho  ,„r,„„,ain 
'"."''''"^■-  "  ''"-  -im.,,.-,.  ..f  ,.,,.,„<  h..M.  f,„.  i„  ,1„.  ..H.SO  ,m,k-r 
<lisi'ii<siuli.    w..   sh..iil,|    ,..X|M.ct    th,.   OttiT   jri-aiiit,'    " 


l.v    (..   have   h,-,  tl 


'  O.S.C.     V,,l.  Vlt,  ISIM,  I'„rt  Ii 

I  .S.G.S.     1  ,,|i„  \„.  106.     f;,  ()   SMiitli 
f.S.C.  S.     L.lio  No.  13(1,     Smith  an.l  (■...Ikinv. 


^■■l^wf- 


1 1  I..\.Mi.i  .\    Mm  I,,, 


1',  u.  c. 


""""'••''   '' '!>    •'"■.•   .1,..   „.,,„„. 

'!.'•  (Hin,...  ,„     .1,,.),  tl,.  r. 

I'tltil    ,v...r,     r,,,„.|,,.n,     ,.,„|,,,,.    ,         ,  ,  ,    ^ 

'_'"'■"'••'■•••    '■■    I'l ti„.   .|.,i.     ,,1    ,|„. 

'"    ''"■   '"»•■"•  -r-   hM.lill,     \|„„.,.,,. 


HU      I"   II. ui     W  i. 

' "■    '"    ""    '•"■Iv   r.,ri    .,1    ti,..    M 

I-   ••l'l.iiiii-.|    ,1    ...  ,,,.    , 

'""■''■••■"    ■■'    il.'-    'In.,-    .-l-.n,  /.. 


"■•-'•"'  !'■"■'  -  '< u<.  .,„.i  -,.,.,.,,  ,.„ ,;.    V    .    ' 

1"'  ', '•     '"  '''■'"■''  '■•' •■  -n.  II.. li...  .,.„•„..  .". 

'"■,"""■'"";""  ■'" ■— ''' i-'- -.... 

•'  '"■""«  '^ '"  ''"■'•''-'•  •  'f-  <Mt„rLT,,:,,„.  \,.,;„  ,„  ,,,  ,;;"■ 

n.ui,.iu.J     l!.,,.„.l.,v     I,,.,.     |„,u,.,„     rl,  .     Ml  '  "       ',,        '  ''" 

I,  I"'  I  II       III..      <)l,,||i;iLMIi       \:,\],  ,         ,    ,.(      .1  ,. 

''"^''""'     ''"■'■    -'■ I-'I-I" I     -l.r,,.    ,1,.,,,,,..     ,.,,,„|.       . 

'/""'^"■"■■'•'■'■•■"'^  '•■■!>  w-i„.  ,,„i,„ ,„„,.,.„,;,  ,^, 

■""■"•'"':"'■';■•"'"■' ''"'"' -  •■iMi„.,.iM,„„.,i  ,.,,„„  ,,„,.,:. 

l.ir  iM.ri,,,!    ,11    il„.    IViiiarv. 


•t|i.'  ..1    ili,    ,|,,i,-, 
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Olivine  Basalt 
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ease  witli  wliii-h  tlio  I'litliiios  d  tin-  basalt  can  be  niarkp.l.  Exposures 
are  very  iniiiierous,  nnd  tlie  topo(fra|>!iio  expression  of  it3  contact 
is  a)30  distinct.  The  area  cdvored  is  about  1,070  acres,  and  the  out- 
line of  this  area  is  almost  circular  in    hape. 

The  basalt  is  siuiply  a  ^heet  lyinp  on  the  surface,  and  its  thick- 
ness varies  fioni  5tKi  feet  at  the  >outh  clge  to  about  200  feet  along 
the  northwest  border. 

Besides  this  sheet  of  ba^-alt,  dyko?  of  the  same  material  up  to 
20  foot  in  width  were  found  in  two  or  three  places  rising  through 
the  older  rocks  not  far  from  the  outer  edge  of  the  sheet.  The  most 
distini't  of  these  dvkcs  apiwars  in  the  canyon  of  the  North  Fork  soutli 
of  the  basalt  area,  and  it  is  prubable  that  this  and  other  dykes  repre- 
sent the  original  fi-siirps  tbiouph  which  the  basalt  was  extruded. 


I,{||1o|..m;v. 

As  scon  in  the  tiold  the  olivine  ba-ult  is  a  dark,  almost  black, 
roo.k  of  rather  tine  urain.  J'ho  upper  portion  of  the  sheet  is  a 
typical  basalt,  open  in  tex-  ire  and  full  of  amygdules  which  are  filled 
with  n  wliite  zoolitic  mineral.  The  lower  part  of  the  sheet  is  more 
compact  and  is  not  vesicular. 

The  thin  scctiotis  of  the  rucks  of  thi^  fornuition  show  it  to  be 
made  up  of  two  distinct  types  of  rock,  though  without  nmch  appar- 
ent change  in  mineral  cutuposition.  Sections  of  the  upi)er  part  of 
the  sheet  show  a  rock  of  tine  grain  and  slightly  porphyritic  struc- 
ture, containing  phcnocrysts  of  plagiodase,  augite,  olivine,  and 
some  mica  in  a  liol.pcry>talliiie  leldsi)atliic  groundmass.  The  ground- 
mass  shows  a  strong  flow  structure  and  contains  nmch  iron  ore. 
Tiie  lower  part  of  the  sheet  i?  an  olivine  diabase.  It  exhibits  a 
well  marked  ophitic  structure,  with  long  laths  of  plagioclaso  feld- 
spar embedded  in  large  crystals  of  augito.  Olivine  is  present  in 
large  rouiuled  ffiains.  which  are  generally  fresh,  but  show  some 
alteration  to  serpentine  along  cri  "ks.  ^fagnetite  i«  very  abundant 
as  an  accessory  constituent.  The  rock  is  (juito  fresh,  and  shows  no 
evidence  of  strain  or  movement  subsequent  to  crystallization.  The 
relative  oriler  of  ory-tallizati-ui  appears  to  be:  (1)  magnetite,  (2) 
plagiodase,  (.T)  a\igite  and  oliviic:". 
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Iuu;r,aL-Th,  olivine  Im.,1,  l„r,n,.,i„u  i,  ..vrywluro  well 
opposed,  and  the  topography  .■.,r,M..d  l,y  it  U  r„««o.l  arxl  hrokon 
All  around  i,-  od«os  it  form,  steep  eliffs  fh.nl<ed  l,y  tal„.  .lopes  of 
large  block-  ,.f  ro,-k.  while  the  aurfaec  of  the  fonnation  itself  i. 
very  irregular  and  hold,  nuiny  „„all  p„„ds  a,„l  dee,,  ravines. 

The  forn,ation  has  the  forn:  of  a  horizontal  shvet  lying  on  the 
surlace,  and  having  a  thi-^knes-  varying  fron.  MM  to  2(H)  feet.    The 
upper  part   of  the  sheet    is   p„rous   and   amygdalodail   in   atrneture 
while   the   low....  part   i<   more  eon.pa.t.     The   roek   is  alwav.  fre.h 
and  only  weathers  .„,  the  surfa-e  t„  ,  ,i„ll  rusty  eolour.     Spheroidal 

forms  are  e.unmon  he  oulerop  as   a   result   of   ^veaihering.     It 

fractures   easily    in.,,    larj:e    l,l,„.ks    that   are   euhic   or   irregular    i„ 
shape.     In  places  it  sh„us  well  umrko.l  hexagnnal  jointiuL-. 

Exfen,^!.~i\.r  „  ,l,„rt  dis,;„„.e  along  its  southea,t^rn  border 
the  olivine  basalt  is  in  oonta.  t  with  Triawio  roc'ks.  The  .•ontact  is 
an  uneonforn.able  o„e.  for  ti,e  l.asalt  lies  hori/ontallv  on  the  up- 
turned CMlge.  of  the  Trias.ie  >.rata.  -vhieh  dip  at  high  angles  and 
Strike  east  and  we,f. 

On   all   other  si,k-   the   L.,-ali    i,   in  dir.vt    contact    with    tlu. 
Ol.gocene    sediments.      The    netual    plane    of    contact    i,    nowhere 
expose.1,  bu,   the  two  formatiuns  (.uter,.p  so  near  to  ea,h  other  that 
no  doubt  re.uains  in  the  autluu--.  mind  as  t,.  the  rclati,.n  of  the  one 
to  the  other.     .Vt  a  p..iut  directly  east  of  the  hea,!  of  I-'raser  gulch 
the  san.lst.uies  of  tlie  (»ligoeene  formation  dip  about  iM  degrees  to 
the   southwest.       These    sandstones     form     successive     ridges     with 
hollows  between  them   re|.re-cnt,.d   probably   by  .bale  bands.     These 
ridges   pas-   with   the   same   dip   aud   strike    underneath   the   basalt, 
which   here,   as  elsowbere.   lie<   horizontally   nn   the  surface.      .Again 
at  the  coal  mine,   on   (Iraiiiic  rreek.   the  shales   and   e,,Ml  -cams  of 
the   Oligocene   foruiafiou    have   a    dip   of   about   ■):>   d.'gre,-s    to    the 
northeast,   while   a   very  sh...rt   distance   to  t\vi  north  th;   b.Halt   i-^ 
ex|H.sed  ab..ve  then,,  acain  as  a  Imri/ontal  sheet.     At  the  southca-t 
edge  of  the  ba-alt  the  same  relatinn  cxist.s,  .-,,  that  there  is  no  doubt 
about  th.    uiie,.„f.,rmity  betwcui   these  two  for;nati..ns.     The  Oligo- 
oone  sediment-   api.ear   t..   have   been   lirst   tilted   at   angles  varying 
from  -Jo  t..   10  degree.,  thei,   af.er  a  cnnsblerable  ero-ion  ,ieriod'hn.i 


lOS 


i.K(i1.<h;1CAI,    SlKVKY^    CANADA 


i'lai>-i.l.  ilif  liii-iilt  wii-  fxtniclcd  ii-  a  luva  tl.'w  ..vor  the  upturuoil 
etlfii'-.  dl'  t'.ii>  -amlstuiu'  ami  'halo  lifd-:. 

rile  itlVct  ..f  tht>  Iia-alt  nil  tlio  rook-  i.\ir  which  it  spread  'la? 
iKit     >..    yriMf    a<   to   hr   II. .w   iM>ily   appar.'iu.      It  that   the 

bai^alt    ii!ii-t    liavc    liecii    .■xtnidcil    pivilialdy    thr.>ii>;'.  H-    -re   a?    a 

iiiiilteii  ina--i  ct'  liifrhly   hiatfii  rock;    l.nt  beiiiL'  cxpo-i  ne  cool- 

iiitr  intlmiict'  ,,i'  the  atiim^pliire  it  ipiiikl.v  l.-t   iliat   hea  1  with 

tlie  io,--:  ..!'  he;,t  it  l.i^t  al-o  it-  power  to  n  .■tamorpho-ie  tlie  rocks 
witli  whii-h  it  i-aiiH'  in  i-ontait.  Its  elfeet  on  the  Triassic;  reeks  or 
the  -aiulstoiU'S  and  -liale^  of  di,.  ( (liijoceii-  loriiiatinn  would  he 
iiieoiKideralile,  hut  en  the  <-oal  -eains  with  whirh  it  eaiiie  in  eontaet 
the  effe.-f  would  ho  iinn-h  livrator.  Thi<.  howover,  eouhl  not  be 
studied  by  aottial  observation  of  a  eomaot  hi  iwicti  basalt  and  coal. 
Coals  of  ( >!i)aoionc  ayo  arc  iioriiially  iiuniti.-.  and  many  basins  of 
this  a<;e  oce\ii'rin^'  in  other  part-  of  tiic  Corclilleiaii  region  eontain 
only  lignites.  bc.-au>e  they  aic  Hot  m'catly  di-turbed  and  are  not 
closely  as-ociateil  with  igneous  ro.-ks.  Jn  thi-  ha-iii  the  average 
grade  of  the  coal  i>  biluinin.iU-^.  hut  coal  -cam-  which  outcrop  in 
the  n.prthwc-tirn  part  of  the  ha-iii  some  ilislaiicc  away  from  the 
ha>ah  ari>  almost  ligiiiti.'.  'I'he  heat  of  the  basalt  would  tend  to 
rai-e  the  grade  of  the  coal  from  lignite  to  bitnniiiious,  and  even  to 
anthraiitc,  when  the  heat  would  Ix^  <till  greater.  On  the  dire<-t 
contact  o(  tile  ba-alt  with  a  coal  s.mmi  aii.l  wh.-i-e  there  was  no 
ac.-e--  of  air.  .-oke  iniuht  be  expected  to  form. 


MnPi:    ol'    iilil(.l\. 

I  he  ii:oile  ol  ..rigiu  ..f  the  lia^alt  ha-  an  imi)ortaut  eeiinouiic 
bearing,  and  \arion-  oj.inion-  lane  been  expres-ed  by  engineers 
who  had  been  eiigageii  t.i  repi.rt  on  the  cal  l.a-iii  associated  with 
it.  One  of  two  view-  pri\aili'd.  Kitlier  thi^  ba-alt  was  intrusive, 
cutting-  up  through  the  rock-  of  the  cal  ba-iii  in  the  form  of  a 
stock  or  h..— .  ami  c-arr.ving  \t-  .-outact  ibiwn  v.Ttically  from  the 
outcrop  to  an  indeHnite  .b'pth:  or  el-e  it  was  a  -urface  How  rising 
up  through  a  comparativi-l\  miirow  tis-ure  and  -pri'ading  out  over 
the  surfaci'.  forming  a  horizontal  contact  line  with  the  rocks  of  the 
coal  ba-in.  To  a  geologi-t  the  latter  view  i-  the  oiil.v  tenable  one. 
IJoth  the  ve-icular  -tructiire  of  the  surfa.'c  of  the  ba-ait  and  *'-.; 
hexagonal  ,i..inting  are  typi.-al  of  a   -urfact-  tlow.  while  the  absenee 
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"^  ^"^  '""'<'>''  ' '-■'  >-t^ rpln-,n  .,r  ,1...  lu-U  .,   „,..;  ,|,.v,.l,.„.,, 

-y.,aimes,rM,.,n..  M.,1,,.  I.,.,,  ,1,..,,,,,.  ,,,;,, ,,,,^,,i,,^.,,,^^ 
ii  stock  or  l>ii>-. 

'.*'''"'^,  "'■   "''^' ''^''^'-    "!■    •■■    -"     '-t     i„     .i.,r) r,.     f,„n.l 

-t„n.  ...  Tri.-I,.  ,.,„.,<-   ,„   „,..  ,„.„  .,,  „„.  ^,„.„   ,,,_,,^  ^^, ^   ^^^,_ 

•''•■'  •'••--  'I'-   —1^   ■•'■  thi,   -„■,.,„.     I,    i.   .,,,  ,„„,,,,,|^.  „,^,, 

hen  m  a  H,u.l  .nu..     , a,..!  -,„v..  I  „v,.,.  rh.  .„hW.     Fm,,-  ,l,e 

fact  , hat  tl,.  .,..,„  iK.  . I, .wl,oll,.i,Hi„,„..li,„i.,,,l„.;, 

I^vero,!  l,y  t...  Oli.o,v„.>  s..,li„:..„t.  i,  i,  ,,,..,,  „,,,  „„.  ,i,,„^.., 
throu^l.  win,.!,  tl.o  l.,s,lr  w.11,.,1  „„  ,„  „,,  „,,,„.,  „,„  „,.,  ,,,  ,„^^^,^ 
.oa.nuMU.:  .,,,1  tl,n,  ,h,.-,.  H.-,„v.  u-,,,,,,,  ,„„,  ,,..  „,,,.„„„„,  ,,, 
dykes  of  ohvino-dial,.,-...  whi,.).  would  prr,l,.I.Iy  ho  ,iis,.,n-,.r, ,!  ;„  ,i 
cniir^e  of  miiiiDp  iitid  d,MvInp,ii,-„t  r.f  tlip  cvnl  I,.,.;,, 


Ill  t! 


■M.i:  -wii  (  iiiuiki.ahi.s. 
The  ulivi.H.  l,i.,.lt  i.  ,1,0  y„u,i„..t  .,li,l  ro,.k  ,„ni,ation  in  the 
district.  It  rest,  uncntorinahly  on  r,„.l<.  which  have  heen  detinitelv 
hxed  by  the.r  tos.ils  a-  Oli^oceno  ia  a^c.  -.,1  thi.  unoonfonni,; 
H  great  enough  to  in.licate  that  a  long  ,„.rin,l  of  time  .eparato.  th'e 
two  formations.  A  peri,„|  „,■  orogcnic  di.turhance  followed  or 
tern.,nate<l  the  OH-,.,,,,..  -edinieniati,.n.  and  this  was  in  tir- 
f,dlowed  by  a  long  period  of  ero,ion  before  the  e.Mni.ion  of  ,he 
ba.^alt.  Since  the  extrusion  an.|  ,lepo.iti,.n  of  the  basalt  little 
disturbance  has  tahen  place  in  thi.  region  -that  i>  ,„  -„v  ,l„.,.e  bas 
been^  n;  crumpling  ,.f  strata,  though  ther,.  wa~  pn.bablv  r,-i„nal 
tiplift  i,r  warping  of  the  surface  on  a  larg,.  scale. 

From  the  inf,.rniation  obtained  in  this  distri-t  al„ne  no  definite 
age-other  than  that  it  i>  i.o.t-()liu,„.ene-  ,-an  be  as,ign,>,l  to  the 
olivine  basalt.  R,„.k-  having  the  same  >truetural  features  and 
similar  composition  hav,.  I„.en  de^crib^.l  by  Daws.,,,  '  i„  the  Kam- 
!oop9  district  to  the  „„r,h.  I„  his  table  of  Tertiary  formations 
(page  76  13)  he  calls  thee  rocks  later  Miocene,  because  they  are 
presumably  conformable  with  the  Tranquille  group  whi.h  contains 
Mic^one  fossils.  Dav,--,„i  was  able  to  find  evidence  for  only  one 
strongly  marki^i  peri.„l  ..f  or.,geni.-  .li^turbance  in  the  Tertiary, 
nnd  that  at  the  cl,.se  of  the  ()ligoe,.,.e  ,,erio,i.     Thi.s  perio.l  of  oro- 


't!.S.(  .     V„I.Vir.  I'art  H. 


'lis 


110 


GEOLOGICAL   SLKVEY,    CANADA 


genie  nioveiiit'iit  appcitrs  to  liavo  I'oeu  fairly  geueral  in  tiiis  part  of 
the  Cnrdilloni,  for  it  is  rffurdcd  liy  officers  nf  the  I'niteJ  States 
Survey  hotii  in  tlie  Siioiiuuliiiie  ati<l  M<uiiit  Stuart  (imidrauKles  in 
tlie  State  of  Washington.  A  seioml  period,  however,  of  orogenie 
niovenient  is  recorded  in  this  reginu  as  liaving  taken  phice  towards 
the  close  of  the  Miocene.  Both  of  these  periods  are  recognized  by 
l)aly  in  his  work  on  the  International  Hoiindary  line,  but  whether 
the  later  period  of  disturbance  wn-  general  enough  to  have  affected 
the  strata  in  the  Tulameen  slicet  90  as  to  produce  crumpling  we 
have  no  evidence.  Wo  do  know  that  there  was  regional  uplift  at 
the  beginning  of  I'liocenc  lin.es  in  this  region,  and  this  period  may 
correspond  to  the  second  period  of  disturbance  in  the  region  to  the 
south.  In  any  case  v. l  nave  not  hero  sufficient  data  to  iLx  detinitely 
the  age  of  the  basalt.  Its  position  now  is  that  of  a  liorizontal  sheet. 
If  there  was  disturbance  hero  at  the  close  of  the  Miocene  period 
corresponding  to  tluit  in  the  Snoqualmie  sheet,  then  we  would  be 
justified  in  placing  this  formation  in  tlie  Pliocene  period.  If  there 
was  only  regional  uplift  without  crumpling,  as  seems  probable,  then 
the  basalt  may  be  as  old  as  Pliocene. 

In  this  portion  of  Uritieh  Columbia  and  in  the  adjacent  parts 
of  the  I'nited  States  local  vidcanism  acconii>aniod  by  the  extrusion 
of  lavas  was  characteristic  of  every  one  of  the  four  periods  of  Ter- 
tiary time.  In  the  Miocene  period,  however,  the  vulcanism  was 
much  mire  wide-spwad  and  general.  ;ind  Wi-  find  volcanic  roeks  of 
this  age  covering  a  great  part  of  the  western  half  of  the  Cordilleran 
belt.  Among  these  volcanic  llows  of  ihc  Miocene  period  are  many 
rocks  having  a  composition  Kin;ilar  to  that  of  the  basalt,  while  in 
the  other  Tertiary  periods  the  volcanic  rocks  described  are  gener- 
ally more  acid  in  composition.  Lithological  character,  however,  i-' 
an  unsafe  criterion  on  which  to  correlate  volcanic  formations  over 
wide  areas,  but  taking  this  evidence  for  what  i;  is  worth  in  coniuvx 
i(>n  with  Dawson's  conclusion  as  to  the  ago  of  the  basalt  in  tho 
Kan;loops  sheet,  it  would  appear  to  be  safer  to  refer  this  formation 
tentatively  at  least  to  later  Miocene. 

Granite  Porphyries. 

GEXEIi.M,    CHARACTER    AND    DlSTHlimTION. 

Among  the  sn:aller  intrusive  igneous  bodies  of  the  district  the 
granite  porphyries  fonn  a  distinct  cla-s  of  rocks  which  are  differ- 
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Uitiat..,!  I,y  w,.ll   nu.rk..l,,..,l„i,.-   ,V.„n   ,1 ,1,,.,.  ,!,.,.  ,„  .          •,, 

"re  ess.-miully  a.-i.J  lVl,i,„„l,i..  ,,„.i        ,■       r,  ,..  .        T'          '" 

.tituen.s  a.  -....    i,   ,h,    l,„„,i   .,.„.,„„.,,■,„,  '',    ''"' ^■^""^■-'■ 

^ither  bi.,n,e  or  ,.„.„,,,.,„,,.,     ji  ;:,iSJ:  ''''■  '"''''•  """ 
■1   the  varietios,  Imt  l,i,,iit.- 


in  al 


li.-nJ,|,i„i, 


'III  iii^   ai-u  present 
Ihe  area  coveiid  by  Krunitc  ii,,ri,l,v.v  ;  n 

other  i.neo..  ,.j..  airiiy :,; .^i ' ;  t:t:xz:'  r "° 

U.an   that  or  ,„e  .eni.,.  „„,,„y,...   ,„  ^ J^^'-^^ ,!;;-;; 

Po^phyncoc...   solely   as   dyk.-s.     T,.,,-   ,,■   «.„,..,„..    .,„,:" 
•lose  prox.nu.y  to   tl-,.  lar.-r  .ra.lro  l,.„iie.,  and  ar,,-  ,lo„b,l..s 
Bon.   ...OS  genetically   associaU.l   wi,h    tho.e    bo,lie-.      I,    ^   i^, 

quently  that  they  are  tonn.n.reH.u,  a  n:il,.  away  ,.,,.j,, 
Eagle    j,rano.hor,te.    Jioulder    or    O,,,.,    ,,,„.,,   j-,,,,.^,,,,,,, 
pru,c,,„.   tocahtie.  where   ,h.,y  are  .•„una  are  at   Chan.pL.  ere 
L  ws  eatnp,  an,lln,iepen.,e„.e  ean.p,  or  the  eastern   hj.ler  of "e 
Eagle    grano,|,orUe.    on     Otter   n,o„„tain    and   (Mter   l.,.„    ,,     ,' 
western  border  of  the  Otter  granite,  and  „,.  ,„„,,  „„,„;,,,„  ;„. 
Elhott  crc.k  or  th«  e.i^^e  of  the  Kould-r  .^ranite  fonnatio„- 

depart   tnueh  fron,  a   tr,„.   oorth  and   .o„th  di.eetion.  and   „.  this 
repeet    hey  eon,  .rn,  ,„  „..  ,„ain  orogonie  axis  of  the  region.     The 

wulth  of  ,he  niajonty  <,f  those  dyk,^  s-en  varie-  fn.n,  .-,  ,„  „, 

but  m  one  notable  ease  a  wi.lth  of  1.0()o  foot  is  attained.  The  latter 
enso  IS  that  of  a  dyke  intrnsiw  belwe.  n  the  E^u-'le  granodiorite  a,  d 
the  roeks  ot  the  Tulatneen  group  at  Independence  ean.p  on  the 
headwater,  of  on,-  of  the  bra.n-hes  of  IVar  ereek.  This  dvke  l,,s 
been  traced  in  a  sontherly  .lirectio,,  fron.  Independence  ca.np  for  a 
d.stanee  of  ;j  n.ile^.  in  which  distaoc  it  -lecrea.es  in  width  from 
1,000  feet  to  abont  r,i>,  and  then  di-app..,.  entirely  under  the  drift 
of  the  creek   bed. 

The  g.-anite  porphyries  du  n„t  form  conspicuous  topographic 
features,  and  are  neither  hard  en.i„^l,  ,„  be  strongly  resistant  to 
erosion,  nor  .soft  enough  to  b,.  easily  weathered  down.  The  largo 
d.vke  at  the  head  of  lioar  ereek  is  not  so  resistant  to  erosion  as 
either  the  Eagle  grano.liorite  (,n   tla hand,  .r  tli.-  bedded  vol- 
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c.i!.i'    i''k-  "II   llic  oilnr.  iuiil  I'liiiHoiiiifiitly   make-  ;i  sailille  in  the 
In:.'  r\Aiiv  -i'|iiiiiitiiiir   I!r;ir  riri-k  from  tin'  ('■ildwali'r  rivor  on    he 

A:.  I"  I'lioii.iu  fualiiie  ol'  llie  griinitf  poipliyrit'^  i>  that  they 
':ithi>r  ciitaiu  ore  bodies  in  tlieiiiselve*  or  el-e  are  closely  associated 
wirh  ore  l)oi|ies  that  have  lieeii  I'oriiieil  in  tlie  roiks  through  which 
tiiev   lui\e  lioeii    iiitniileil. 


I'KMIlK.HM'in. 

I'll!'  tiiaiiile  [lorphyriis  show  a  sia'iaiioii  in  lithological  char- 
a,  -er-  iriJin  well  markeil  porpliyritie  rocks  in  which  the  constituents 
r.;  'he  uTouinliiiass  are  well  ilevelopeil  ami  easily  identitled  iu  the 
tiiin  .-c'tioii.  to  those  in  which  the  groiindii'.ass  is  very  fine  grained 
a:   1    ahiio-t    iinleteniiiiiatc.      The    first    mentioned    roeks    are    those 

■a!  ich  ur  in  the  hir;;cr  dyKcs.      In  these  the  phen^ci-y-ts  ;ire  ortho- 

cia-e.  ijuartz,  sonie  [ilajriocla^e.  and  either  biotite  or  hornblende  or 
botli  Xhe  feldspars  are  always  cloiirly  from  decomposition.  The 
(I'l.irrz  i-  lariii'  and  rounded  in  outline  and  ofteii  shows  corroded 
borlir-.  and  the  hornblende  is  frequently  completely  altered  to 
cliloiitc.  I'lairiiudase  is  often  i)resent  as  phenocrysts,  and  indicate? 
a  tendency  to  dioritic  niHnities  in  the  rock.  The  proundmass  of 
the-f  dyke-  i-  holoery.stalline,  and  contains  the  s;inie  con.stitucnt- 
that  appear  a-  i)iicnoerys|s. 

In  the  -mailer  dykes,  feldspar  is  frequently  the  only  mineral 
appearing  as  (ihenoerysts.  Quartz  when  |iresent  a?  phenocrysts  is 
ahvay-  ele.jr  and  glut.sy  and  shows  corroded  borders.  Biotite  rarely 
appiMr-  eltlier  as  plienocrysts  or  in  the  groundmass.  Hornblende 
in  I'liii  iatli-shaped  crystals  is  nmre  common,  though  it  is  fre- 
qtieiitly  altered  to  chlorite.  The  groumliiiass  is  a'  'ays  vjry  fine 
(rraisie.l.  ami  contains  .small  feldspars,  interstitial  oi  idiomorphic 
H'lari/.  ,iiid  aenerally  much  accessory  magnetite  and  iron  sulphides. 
Tlie  ino-t  frequent  secondary  minerals  in  all  the  forms  arc 
-erieiie  iind  ihlorite.  These  are  abundantly  developed  in  the  large 
Hvke  at  Independence  camp,  uiul  in  the  ore  body  which  occurs  at 
t!i:s  p'liit   in  the  granite  porphyry,  caleite  i-  very  eonimon  cither  in 


vaffg-   ill    the   porphyry  or   replacimr   the  gro\indu:as 
vein'et-  of  (puirtz  are  also  present. 


..f   it.     Small 


AGi:. 


lU 


N"  (I.Minit,.  iiy,.   i,,r  ,|„.  I,,..,, I,,, 


„.  ,.i  .1        .  .    •     ■  l"TpnM-y    ,„ini.i,.i..   Ikis   be.-!i 

,i;rt-  ,  .  ,  ""■>  ''"^■*-'  ro<-iirred  iit 
d,rt.n.„r   s,.Ko.   11,   „„.  .„„,„„..„   ,,i.„„^   ,„.   ,.,^,^^^      ^^_^^^  ^^ 

ed.ke.  a,v  ,. I,,    U  ,„„..„.  ,„„„,„,,    .,„,,,,^,.^        <;n,ia„i.  „.„, 

«''-''  tlu.y  „r..  n.ully  ,..,..|„„.,l.  „„r,-i.,„s  „f  ,hc  various  kiu.N  ,,,• 
Kr.uu..  ,„„,,|,v,.„.,  ,„i,,„  ,,„^„  ,,,„„  ^,1,^^,^  _,_^^_^^^.^  ^^^  po.t-()li«o- 
ce....,  •'■y-U''ri.vn,  ,1,,,,|,, ,.,■,,,,,,,,,,, ,,,,,^,,,,.  ,,^,^,,,^,^,^.^1^.^^^^^^ 
r.-!.^  '■•    ""■    '"'^""•■'■■'    -■■-,..   whi.l,   :,iv   „    1,,„,    Ti-ia-i,-   i„   «po 

^■■.M.'..t     ,I„.|M     mU„..,„     ,I„-C..|;ir    V„l,.;,|,i,.     PM-k-     wlli,.),     Ij,.    ,.„ 

I'll 


ally  Ih.Ic.vv  1,,-Mlit,.,,„„  (,l,o, „,,,„.  „.,,• ,„, 


111-  i'"iit.iriii- 


Syenite  Porphyries. 

t.l:M-riM.   (  IIMI.M   1I.U    .wi)   nwiiiii    II, ,s. 

Ill  Kfiu.ral  rluiriK-UT.  ,l„,  .y,,i;,e  |,„r|.l,y,;,.,    ,-,    „„(  easily  cou- 

'"-'^'   ""''   ^"'>-   "'■   'I 'li-'i'  'l.s.-  „,■  ,lyk,->.  ami   aro   r.-adilv   r,.-...- 

nuod  u.  .1,0  li.1,1.  Tl„.  M.ks  classed  und.r  this  hoa.l  are  of  a 
p.-evailiuRiy  li,.h,  ..„|,.n|..  and  l.ave  a  s,ro,„dy  marked  porpl.yri.ie 
liabit.  .\Iu„y  „f  ,|,.,i,  1,,,,,.  „„„,|,  pi„j;i,„.,„.e  i„  addition  to  the 
orthocla...  and  sh„w  ,|i,.,.el,y  a  ten.jen.y  to  pass  over  to  diurite 
I-rphyn..,.  |-|„.  ,„.,.d„nii,K,nt  type,  h-wever.  i.s  identiried  in  the 
held  hy  plu.no<>ys,s  of  white  teld>par  and  <v  Ai.r  Idack  hornblende 
in  a  tine  yiained  «r.'y  f.,onndn:ass.  Q,|„nx  is  ;,|.=^.„t  i„  all  varie- 
ties of  this  g-ronp. 

In  distrihnlion  the  syenite  pon.hyrie>  are  among  the  eomraonest 
fnrnis  of  dyke  ro,-k.  and  arc  found  in  nearly  all  parts  of  the  area 
examined.  Typioal  ..xamples  are  found  at  Independence  camp  on 
the  head  <>(  IJ,.ar  <T.vk.  in  vaii.m-  pari-  ,,f  Champion  Cnok  l,a,i„, 
and  many  oiIi.t  places.  Thi>y  cut 
tions. 


ley  cut   most  of  the  main   rock  forma- 


As  a  rule  the  width  „f  the  -syenite  pnrphyries  is  considerable, 
and  often  reaches  i'.".  feet.  \o  uniformity  of  trend  is  apparent  in 
the--e  dyk.-s.  and  s,rikc-  w,t,.  ,.l,ta  ad  whirl,  varied  fr,.n,  ii..ri!i.-a-t 
to  southeast. 


far 
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v\:ntui.u\['i\\. 

TIm-  iliiii  >,cii..M-i  ot  llic  ..Miiit.-  i,Mr|.|ivriM  all  .iliow  u  liolo- 
'Osfiili;,,,.  I.  Nhir.'  ill  tlu'  ivck.  The  ir.iijurlt.v  show  n  well  murked 
pon.li.viiii,.  Mni.tiii-..,  with  a  -iiniiy  ijiffertuc,.  In  size  between  the 
rhoiioiiy-lic  i'un-titiipiil>  uimI   the  ...nslitm-iits   of  the  groiindinass. 

A  few   >ho\v   ii   ^lly!ft-ti I   jnii.latioii   in   m/o  U-tween   those  two 

roiistilu.nt.^.  lioih  (.ilhoi-luse  and  plagioilasc  of'Mir  as  phcnoorysts 
in  all  tho  ^!H>(iiii(ii-.  llornhltnd.;  al-^i.  lorins  iihonocrysta  in  many 
-pefiiiicn'!.  hut  is  iimimII.v  oI  ii-niHiT  .sl/c  ami  k-.~  abundant.  Thf 
orthoda^o  i-  in  iaiw  taliuiar  .i-j-taU  oftiii  Uviumd  after  the  Carls- 
had  law.  The  idasiociapi:  is  in  lontfor,  iimr.;  latlishapcd  cr.vslal? 
whii'h  firiiiunriy  s-h.,w  alhilo  twinning.  Both  foldtpars  are  Kfiitr- 
ally  Unhid  thr.MiKli  alt.raii.  ii.  T\w  hornl>h  iide  of  the  idienocr.v>i.s 
IS  dark  gr.(  n  in  ,-ol„ur  ai;d  .ippiar^  in  long  hl:ide<  whh'ii  often  slmw 
.1  tciKlfiicy  to  iiltrr  lo  (.hlnrit i  the  miter  edfe'c-i. 

I  he  Kniiiiidniii-s  of  the  -vtnilc  i^orphyries  is  line  or  rarely 
medium  grained,  iiiul  cuitaiu-  ihr  -.niie  <onstitu..nts  that  form  the 
phenocrysts.  S..m.'  (|uun/.  i-  (..■.•;,. i..naily  prcsmf,  and  where  sei'u 
IS  mieriife'rapliically  inurjiicwn  with  the  iVJd-par.  .Mafrnetito  is  the 
u.ost  Common  ni'ci-sor.y  lonstitnent. 

The  ^e<'(jinhiiy  uiiuir.d^  di'Vi]..pi-d  are  sericih'  and  chloritr  in 
the  iih(iiui-ry-tii'  r,.i,,|ituii)t-.  iiiid  •Mlrito  in  the  trroumhliass. 


S.xcnitc  |i.irpli.\  i'ii>  Iimvi-  l^etii  luund  luitiug  augile  syenite, 
l-.a^lc  i:riin"di..rite,  thf  roeks  ot  the  Tuhuuir-n  grciup,  and  the  larjre 
i;rau!t,-  porphyry  dyki'  at  the  h<'ad  of  I{,-ar  cris-k.  Oiii.side  the  limii- 
of  the  «ho.t  and  in  the  upper  waters  of  the  Tulameen  river,  large 
tyjiiial  -yenite  ponihyry  dyki -.  were  notid  intrusive  into  Cretaceou.s 
rocks.  They  may  out  tia;  Oligi.eene  roik«,  hut  no  instance  of  such 
has  been  found.  With  what  evi<l(nee  we  have,  therefore,  it  is  not 
possihli  to  tix  their  aye  more  drtinitejy  than  to  say  that  they  are 
cf  Tertiary  agp, 

Lamprophyre. 

(;KNKHAI.    (  IIAHACTKR    A.NU    WISTKIBI   TIon. 

<"i  rtain  MOail  dykes  of  a  general  hasio  composition,  but  showing 
•onsiderable  range  in  their  eonatituent  minerals,  have  been  classed 


II   I.  \MKI   \    l.|~t|;l,    I  ,    I,      ,^  J  J. 

'r""'n""' ""'■'•''-'■''"'' ■"'■  ^ -' ■ p...- 

pi.y.v.      ll.,.y.„..„|,.r,,K,.„|,„„..,,, „„,,..  ,,„,„„,,,„„,.    „„^,:,„..,„^ 

"'""■""'•■  ■'"'■■■'i'^-l   III   lln    >i.   .1   „r.    ul,l-|,,,.  i,..,„l,l,n,|,.    ,,M,|  - ' 

•""•''  l'i"iil.-  or  ,i,i>.it,..    Ti„.,,  .,.,,,  ,,  ,,,,,.,1,,     ,       ,     1,     , 
III    a   .hnk.   till.'  Li-.iiiiiil   :;r h,  ,,.,. 

'''"■"■    ''^'^•-    '"■'■    "!"■•'>■    ■'•■    -'.ill    -,...    .,,„i    .,r.    ,.i.t    l,,Mi,..,i    ,,, 
•'I'.v   piirlii'iil.,.    ,,,■,..,    ,.r   I'.., ,„:,,;. .p.   i..,i    .:,,, 
'li-lri.-t  .■iitiiii:;   r...k-  ■■(  \ar>iiiL' 
■■iif    111,.    1,1, 1, ..I    -tiMtiri,.,!    i',„i,.. 


nil. I   1-1   111!   pai-l-  ,.t   till. 
.1-'-.      A  m-cal  111, my  ■,('  ilir-..  .i\;,,., 

,  ■'•""     '""    ill''    Kauli'    t'raMu.liorito 

f'TiMifon.    aii.l    i.il,,.,-    u,.,-,.    ;,.,,„,|    i,,,,MMv,.    ,„    ,1...    (.,..,■    ,,,,.i,, 
!"riiiiili..ii. 

'I'll.-   in, 1.1    .  t'   ill,-,..   ,lyk.-    ...M-;,.,    ,,i..r, 
■■tli-r  un.ii)..   ,,f  ,bk.  -     ill, ..lull   ,,,     I, ,;„!,, 
iiiiiiiber  of  til,  in   .•,.nt'..rii'   t..  il,, 

Wllic'll     ;.:     ~li;r||l|.V     \v,.,t     ,lt'    Ij.    Till. 

Till-  laiii|.r,.pliyri  ,  ar,'.  ; 
'a-ily,  ,.oii.,..|n,.|it|\  t|„.v  ar, 
trrariliy. 


■    iUi|''l\     lliaii    ,iii\     ..!     til, 

i',-     |.N|„-,-t,.,|      ih,.      Ml-,.,,!,  I- 

,11    ..r.. LI,. Ill,-   ;,\|,   .,(■   t|„.    iviiiiiii 

'    '-I'  .    ■'•■vy    -.:|'l     ainl    wiaili,.,-   ,|,,ui, 
■f    ,.i,-|.i,';i..ii.    tratiir,  -    in    tli,.    t.ipo- 


n  ii:....ii  vrin. 

Till,  l.iin|.i.,|,|,yr,  -  ,.r  il„.  T,,!.,n.,.ii  .|i-iii,-i  a,-,  ,\:,vU  L-ny  t,. 
hUrk.  li,.I,..ry-talli,u.  r..,-k,  .n  li,,,  u.  n„,|inin  :..,-ai„r,l  iLxliir,.  TIk. 
"iiuorily    „t    tlioii,    -l,..u    a    -li.l„    „  n,|,  ,„.,.    ,„    ,,„r,,!,v,.i,  i,.   ,,,■,„■, „„. 

!.v   tl,.,.  ,|„x,.i„,,„„.)„   ,„    -I,,.,,   ,„,,|i,,  ,,    |,|,„.|^   .nl-l.tal,,   lini    in   a 

1''W     til.'     ,-.Mi-lltii,.iit-    -li,,w    a    nni;,,rn.;ty    ,,|    .;„..    ulii,.|,    mark-    „ 
ti-an-ili..ii   t,.   r,.,.k-  of  -y.niii,-  ,,'!,,,iii,,.. 

Ml. -i'..-, -..pi, ally,    tl --.iiiiai      .  i,-i  n  n,  nl-    ,.f    tl,,,,.    ,..„.k,     ,,.,, 

I.l^.^i.'.la-,..  ,.i,l„„.Ia-,..  aii.l  h,  nihl.  i,.|,.,  ami  in  -„iii,.  -p.-WmeiH 
aiiiiit.-.  I.n.tit...  ami  ,|nai-i..  Wk. ,',  p.iTiiy  lit  I,-,  il„>  (.licnnc-rysts  nre 
alway-  tli,-  f,.n-,, rna^iin-Man  in:i„-ra!-.  ami  ],-,  oft.n  tin-  fel.lspnrs, 
The,  f.M,|,ai>  an-  ahvay-  ,  k.aly  fn„„  ,|,  ,  ..mpositioii,  Thu  plajrin- 
.■l;iM.  i-  in  I,,!,;..,  lalli-ha.M.I  ,  ry-i.,1-  ,„,t  frf.iiipiitly  ,li,,wii.g  all.if 
twiiiiiiii-  Til..  ,,i'tli,n-laM-  i-  in  tak;;l,ir  ,-ry.staU.  l!,itli  fold:Jp;ir^ 
an,  K-'iierally  of  later  forinali.a,  tl,an  lliu  f,.rfom:ii;i„siaii  mineral 
that  i-  a"o,-ial..,i  with  th-,n.  II,  rnl,l,.,i,|,.  is  tli..  i,i„.t  oominoi. 
.lark  iiiiii..i'al.  ,tii<l  ajiprars  in  1,,iim  ,|ark  f;r.  .;i,  cry^^tal^i.  IJi,,tito  i~ 
i..,t  alnimlaiit.  It  aluay..  appr-arr  in  t  ■,,  -aii:.  ;-u.-k  with  hornbh-inl,- 
aii.l  i~  11  ii.'h  1,—  ill  .piaiitity.  .N.ii'i'o  i-  oft- ,i  an  .— ..iitial  o,-,ii-ti- 
1W15  -8* 


llrt 
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iHl'MI.     i.h.i     «,.ll.Ti.ll.V     ,M-._-lirS     t.)     iho    fM'lll»i.,Il     „l      til..     oth.M-     t.TfO- 

inuKMOMan  miiK-ril-.  Wlu'ii  hornl.li.mle  ii  prfsei.t  with  the  aii«it... 
flio  Inrmer  is  ulwi..\,  ,iri  ult.  ration  pro.hi.  t  „f  thp  lattor.  (Juart^  U 
rarfly  so  al.iiii.liiit  is  to  hiroiii,"  im  .— etilial  coiistitupnt,  and  ii(»v-.t 
foriii-i  piuno.r.vsls  in  tiio  porph.vriti.-  varirtii-s.  Its  position  i4 
aKva.v-.  ill  the  ffruuii.hiias,  of  the  porpiiyritl.'  forms,  am!  in  th* 
othors  it  <.'(iipii.3  u  position  intcrsfitinl  l.t.lwwn  tho  aofompanyinst 
iiiinorai-i. 

I  hi'  Kroiiti(Jina-i  of  tho  porphyrili.'  varieties  .^  lino  griiiie.l. 
tlioii«h  h..l.iorysfu]lln.'.  an,|  (■(.ii-iMs  of  tlie  nanip  minerals  that  nialie 
up  the  phcnoery-ts  and  of  the  aee<'s<orir..  The  accessory  ininprnl-- 
are  magnetite  ami  sr.nie  si,lpl,i,U..s.  with  a  ^'leat  deal  of  :i  m  iretalll' 
i-otropie  iiiinenil  which  appear-  a^  sniail  rounded  particles. 

The   alteration   of  these   roeks   is  jf.neraily   miicli  Rreater  than 
would     bo     expecteil     from     their     mesrascopic     appt-arance.       The 

""  i'ue=t  seoondaiy  constituents  arc  chlorite,  caleite,  and  l<aoliii. 

The  feldspars  are  rarely  unclouded.  H.ith  the  hornblende  and 
augite  alter  readily  t..  -hlorite,  hut  the  hiotite  is  more  resistant. 
Calcite  in  certain  specimens  is  so  ahnndant  that  the  rock  effervo-ees 
freely  with  cold  hydrochloric  acid.  Small  vcinlels  of  caleite  are 
also  ocoasioiuilly  seen  in  some  sectinns. 

A(a:. 

Ai  in  the  case  of  the  grar.ite  pi.rphyrie,  no  delinite  age  can  be 
assigned  to  the  lamprophyres.  Jkcan.se  of  the  variation  in  their 
physical  and  chemical  character  it  is  not  possible  to  correlate  the 
rarious  kinds  with  each  other,  and  it  is  probable  that  their  intru- 
sion covers  a  wide  range  of  time.  The  lamprophyres  cut  almost 
every  one  of  the  main  geological  formations  of  the  district.  Many 
of  them  are  foJiid  in  the  oldest  ^tratificd  rocks  others  cut  the  Kag  • 
granodiorit.'  and  HoulihT  granite.  Some  were  found  in  augite  .-.venii. 
and  pyroxenite.  One  wa-  noted  as  intrusive  into  the  Otter  granit-> 
foniiation,  .=o  that  this  one  at  least  must  be  of  very  late  date.  None, 
however,  liave  yet  been  found  cutting  the  olivine  basalt.  The 
youni^est  of  them,  however,  must  l.c  at  bast  .Miocene  in  age. 

Diabase. 

Dyke-   that   can   be   positively  <'la-M-,|   a*  dial'aH'-   «re   n,,*   abiu!- 


dant  i:i  the  di-trict.  but   the  few  tlia'   i.e.- 


ur  art'  wortiiy  of  note.     A 


^^K'^^m 


KKiITi     |.    I|i; 


^^2t^3E^d 


f 


1  I  I.AMhl  .V    hlMKI.   1  ,    B.    ,■.  1  j- 

oiiijuf     ,.,|•!.■;.^      ,,r     Ul!.     klll.l     ..I     ,i^i..      .,v,,.       ,.-,,1     „,      .,„      .,,,; 

.^n.l  of  ,!,,  1,,,,^.  ,i,,^..  1,;,,^  ,,,,,^.,,.,^  ^|^^^__  ^^^,  (^1,.,,",.  ion  .reek* 
rin,  .1>U  .«..  Fl„,,.  XV>  ,.  .-,  „...,  «„|.  .,,.1  ,.:..  l„.h  ,,vr..x..,at, 
'■n.  auKUc  >^,.„.u.  «..,!  -,r,k,.^  n..,!,,,..,.  fh.  ,li,.|„.-.  .t,..r„r.  i, 
«.li  ,l..vrl„,,o,l  in  ,f.  ;.,„|  s|„Kv,  ,,lM.n..,.o-st.  ,.;  vU,  ■,.  f,.|,l-p..r  ,>„„. 

'    '■•   4    inrh...    HI  l.ntrtl,     on M,.,l    i„    ,    ,;,„.   ^^r.,,.,...!    .tvs., „■ 

»;r(Mintliiia«!i  <if  husir  MiiUcrial. 

l>.vk..,  of  olivi,,,.  ,|i,i,„~..  wn.  ,ol,.l  ,„  .1,,,  1,,|  „f  ,,„.  v,r(l, 
^..rk  ot  Cruniu.  ..rc-k  ^',,-r.-  iImv  ,ur  tl.-  ro<  k*  of  t',.  T„;.„„,...„ 
mv.v  ll„.y  w,.re  not  ..  .n  t,,  l„.  i,.,r„-n..  i„!„  ,l,o  (.„,„,,..„,  ..,1;. 
"..■nt..  but  from  tlK.r  -.liv,,,...!  .„.|  ,nln..,a|.,,-ioul  W..,r«..t,..-.  thev 
"..re.,r  to  1k>  rrlatt'd  to  th,.  „!,.,„.  1.,-.!,   .,r,Mntio„.     h  i.  ,  n.bablc 

•l.nt  tl..-,i.  (Jv!i..,  Mr,.  .linM'ily  ,   , ,.|,,|   „i,i,   ,|,.  .,!,,,,„.  ;,„,,,       ,  ,, 

th.it    tlu.y   fill    ,1,..   ,i..,„,..   ,|„ .'      vl.„..,    ,1 ,,,;,„.   ,,^,.^,,,  ;^^,„,^^,| 

the  <iirtiii'iv 


Surface  litposits. 

i.l.AI'IM,    .\lAH:lllAt,. 
Ihe    .ni.lciri.    ,jt    .,    Lirtto    i.v  ,<h.vt    rov..,!,.;,-    Ilio    ■,vii.-l..    ,        ,he 
li.l.n.:Mn  rORJon  cv,.„  up  ,„  ,i„,  ,„yho-t  p„i„|.  ,-  prcorved  i„    ..  |,v 

'M.uiv   reoor.l.  gi„.h  „,  .,riir.   r.),'!,,.,   i.    „r.-,  ;,n.|  t:!,..  ,,,i  .l.-n- 

Ivsides  this  Uirg..  i.v-rap,  tl„.n3  is  „.u,h  .■W.loi,-,.  to  >how  that  after 
the  n.dlii.i:  uwaj  or  r.-nv:,i  ,,i  .1,,.  i,v  ,..p  fr„n,  tl„.  I,i;;l,h„..l^.  ,,r.  1 
frohubly  ,.|.so  bffor.>  ii-  ,„,,.vnoiuii  .I,-v,..1oimoc,h.  tlio  vaih.ys  al.-  . 
yWTi'  o.vupi.d  by  i,v  ..vhiH,  n.u^,.i  sl„w|y  d„un  ,1a  pr,.senf  prade  .f 
th."  >tream..  Kvidco.v  ,.!  ,1,,.  .„..upau„,>  i,  nvorded  ii,  the  shap. 
■■t  these  vallrys.  the  -liia-  in  ,h.M,i,  ll,,-  hanirins  valley,  '  tributary 
->treiin)»,  and  other  .•rnrvia  nf  vall.y  sla.iafi.  n.  The  ewdeiiec,  hoJ- 
t-vcr.  with  whi.l,  uv  are  direeily  e.„ieerne,i  here  i,  il„.  materia! 
dcposit.'d.  suel,  ;,.  m..raii:a'  ni.aenal,  .ina-<Mrte,l  del.ii-.  i..,,il.|,.r 
clay,  and  gUvial  lake  de;..,sit-. 

I'nassorted   elaeial    ,i,.l,,i,    li ,,   .,    ,|ji„    ,„,,„ti^,   ^,..^,,.    ,    ^,^.,^,j 

l-an    of    the   di-triet    u,.    ,„    l,i;,i„.sf    p,,;,.,,.      This   eontains    b-uldei 
erratics,  whieh  show  the  :linv|i,,n  ,,f  -1,..  Cordilleran  iee  n..  vf.„,ents. 
and  now  lie  to  the  ^.,nth  ..r  .-..utln , -■  nard  of  the  - 
whieh   tliev   were  nrJKinally   deri,  .d. 

Material   of  valley  slaeier  oriirin   eon-i-iio;.- 
in...iitipd   material    ...vers    ilic  tlo.ir-    -f   ihe   tw- 


1!'- 


I. r  or. CM. I.    \|      >l   |;\l.v,    CANAHA 


'""■   "''   "'''''-I'    !■'■-   '■•'-!    ul   On,.,-   ,„ l.iii,    ari.l    ,ii,-   oil,,.,.   w,>M   iiilI 

iKirth  (it   (;rii<<l]n|i|M..r  iii.iiiiitMin. 

''''"■    ' i'l'T    <'l''y    I'l'    tlh-    ■|'lil;,llM-.-M    -li.vt     i-    t'.,      t.,,i,-al    l.oill.lcr 

-Imv  .|,..,-,-i|,n,|  ii,  sN.-li  .Irtnil  l,,v  l),,u-,,,„  i„  ,|„.  K-,ui;|.„,,h  ,|,\.t. •!(■(.' 
It  is  rtiff,  liiird.  nil. I  cm  |i;i.|,  li-i,i  i,,  ,.„|,,nr  i.n.l  r,„„in^  of  a  past-' 
ut  Miiicly  clay  li,,l,li„f.'  pcM,!,-  :,n.|  l.o,il,|,.r.;  ,,f  all  -i/,-,  li  is  irr.-u- 
larl.v  <li.-tril,nt,.,l  iIuvukI.oui  il,i-  ,vgioii  p,.„„n,l|y  i„  ,he  lower  aiul 
iiiten.i.'.lial..  U-xrU.  l.ui  raivly  it'  ..v,.,.  ,,„  i|„.  |,i^,|„.,.  ^,.^^.^^  [j  j^ 
fuim.l  .-111,1.-11,-  t.,  til.'  -i,!,-  ,.|-  many  of  tiir  vall.'y,  tril.iitary  to  tl," 
iiiiiiii  sln-arri-.  <-.p,vially  ii,  il„.  vall.-y  ol  I!,,,!'  .-r.-.k  uli.  iv  it  i- 
fxpo-i'il   liy    Nmd-li.lr-. 

riifl-c  i~  ii,  iliis  ,|i..|,-i,.|  ,.„ii,,  o\i, 1,11.x-  of  iwo  |..,iil,|,.r  ,-lay. 
-<paiali-il  liy  -ireain  il,-po:^it>.  pos^silily  dt-!i..tiiii.'  an  iiiterglacial 
l>t'rioil.  Tiii-^  .-videnoc  lia<  l».,ii  <l,.rivod  from  a  -.■,-ti.,ii  expcJSL-.l  ou 
tho  south  si,k-  ,,f  ■riilan:,-i.|,  vall.y  iiniiic-dial.-ly  l„.!.,w  tliu  mouth  of 
.-<iat,'  .-nek.     'Iln.  section,  fi-..iM  t..),  t.,  l.<,t|..iii.  i,  a~  f,,lloWs:    - 

U>   Stitf,     light     .V.I...I1V.!     l,.,ii|.L.i-.-|,,y.     .-..i.taininK 

.-mall  an..;iil,ir  |n  ,  l,|,- [  ,,,  |,.,.,  .. 

Ii'i   ('..ar-^e   sand-    ai.J    -jrav,-!,    -iralili,         n,\    walcr- 

»■'"•■' Ill    f.vt 

(:!)    I'iii,'  >ands  -.■p:,i-.ii.-,!  l,y  >ii-,.;ii„  urav,-!,.  ...      in   f,.,.| 

(4.)    l!.,iil,li-r  (-'ay   h..I.lii,L'  Iiiil'.-  I.ould.-i-s I'li  f^-t -- 

Tlio  niiddl,-  p.,rti.iii  ..i  ihi-  <,.,-ti,,ii  ciUaii,-;  ,troain  frravols 
.|'-|'osii,-d  (.iihor  iHtw.vii  peri...!,  .,f  (rlaciatioii  uiu-n  tlw  liouM-r 
••li-y  was  laiil  ,l,,w„.  „r  ,-U,-  \.y  .A:u'\A  streams  iLnviiii,'  on  or  iind.-r 
tlu;  ice. 

Tyiiical  iin.rainal  ,K.p,,Mi-  !,.,■..■  ,,„ly  1,.,.,,  idcititicl  Irto  in  tlu- 
valley  licd-^.  and  aiv,  tli,-i-(-l..r.-.  r..  !„•  n  fci-n-.l  ,,,  l;„e,.  .stages  ,,f 
Kia<-iati,.ii,  vvIk-h  i.'la<-i(-r-  lay  i,,  il,..  vall,^-  mi„|  uv.v  ,l.,wly  retreat- 
in;:-  up  tli.-in.  .\l  M-v.-ral  p.„„t-  fila.ial  .|,-l,ri.  I,a~  li.-.-n  l'i,-ape.l  „p 
I.,  lorn,  a  .-..II,,-!  l.,n  of  irroR.ih.r  Kill-  at,.|  h.,li,,u-s,  an.l  ca.-h  of  tliCM- 

.-..H.-.-tions   i-epi-,.<,-nl-   a  halt  f.-r  : nsiilerald,.  |H-ri„d  made  l.y   |h,- 

I'elnat  inj.'  ylaeji-r. 

'I'll,-    un-ati-t    lunulatioii    of    ni.iraiiial    material    !.-.    found    at 

III.-    •riilaiii,,.,,    ..,„!    ,,f    the    oM    lila.ial    valley    wlii.-h    riinj    from    the 
.■(•litre   of  Otter   laUe   -..iithoa^t    t  .war.ls   the   utli   of  China   creek, 

'<;,S(        l':,rt  !i.     V..I.  VIII.     R,  i,.,rt  on  tin- Ka>i,l.>,.(>sMr.|iSli,.,.t. 


J 


II  l.\MI-,l..\    I.|.>l  |;|.    r      l;. 


11!' 


NVar  llic   inoulli   ot    (  l.iiin    .-tv.K,   i:\,,.-r.,\    iiiut.i-i:il    li;,^   U-rn    in.li- 

frii,:iiialr!.v  ,l„i I,  -.,  tl.al    tl..r.    „  ,vv  „|,|„.,r-   u  i:,-.  a,    ,Hiinl..T  of 

kcltl.'  liolos  s-|>iiriit<',l  from  rn.li  .,il„.r  l,y  win.lii,'.'  ri.l.'.-  aii'l  irntrn- 
lar   iiioiiaik. 

On  a  3uiaii.-r  -.-ale  -iinihir  a.-.- j.uiial  imh^  ..f  tia.-ial  .K-Lri-  .mi 
Ik;  fomi.l  on  tli.'  w...^i  -i.|,.  ,,|  (nirr  lake  near  lla-  moiill,  ..f  Iti.l.l,.]! 
<Ti,'U,  or  ak'aiii  ok  tin-  s.„illi  -i.|,.  ,,1  |1„.  Tulaii,  .„  \all..y  at  tit- 
mouths  of  Slat.,  aial  C-.lar  .-ivk-.  a!i.|  .^u.^r  ,h,.  ,„„utli  ,,t  C.llj,,, 
f-'ul.'h.  Otli.T  inorainal  a«'i-iimulali..ii-.  ar,-  f.;ii,|  al  puiiil^  in  th.- 
c.iirso  of  the  ol<l  KJii.-ial  rjianu.  1  whirl,  li,-  „..rtliw. -t  .4  ( Iravsli..,. 
irr  iiioiiiit  liii. 

Certain  stratitiod  (Ii'|m,-:,-  ,,1  .hiy  |,,mi,.|  al  a  puini  in  the  L'.mI 
of  Hear  .Tfok  have  Uvi,  .!,,i,htru||y  rrf.rrr.j  I.,  a  facial  iakv  fonno'l 
in  thi^  valloy  wlu-n  the  Tiilanieen  Valley  Rlaejor  bJ.M'k.'.l  lii.-  ..uthi 
'.f  15ear  creek.  These  depo-it-  lie  on  the  ea-l  hramli  of  I!,.ar  .Teok. 
ahoiit  three-fourths  of  a  mile  ahovc  lln'  waL'-n  hridg.'.  Tli' 
seetion,  exposed  in  a  cut  hank,  shows  thin  hedd.  d  clays,  overlaid  hy 
more  massive  clays,  over  whi.-h  are  stratified  :-and-  and  (rravok  o( 
tluviatilo  orisin.  Lake  ela.vs  whether  of  -lacial  .r  post-frlaeial 
origin  cover  the  floor  of  Otter  valley  al.ov,-  FremiMl  lake.  The.-c 
arc  cxi)090(l  in  the  banks  of  <»tt'r  creek,  and  are  seen  to  extend  for 
over  2  mile'^  up  the  valli'V,  l.iit  what  ih.ir  thirkri.--  i<  ,-.„ild  n"t  he 
Hseprtained. 


sTiti.wi  iii;i'o>ri-. 
The   stream    dopoMt-    ol'    (hi-.    c|i-triel    lia\i     hei-ji    and    are    .-till 


hifihiy 


important    from    an    icnniriii'   point    of    view,   hccaiisc   fr 


leni    a    (•onsi 
btaineil. 


Iiiah 


c    ciuanlilv     lit     ti. 


uid     platlnun.    has 


The  principal  d,.|).i,ii-  ol'  ihi-  ..liHiu  uif  thu-c  found  in  tin- 
main  valley,  nanaly.  in  that  of  the  Tnlameen  river.  These  deposits 
are  foiiiul  in  the  valley  l)oti..m  anil  on  the  <\,,\h-^  up  t.i  a  lieiKht  of 


•'WO  feet.      'I  hey  have  Im 


■n  I'arvdl  into  a  -eiic-  of  terraces  hv  stre.tm 


a<'tion  and   in  some  place-,  -ucji  a-  the  m.mth  of  (Jranite  creek,  as 


■an   he   rei'o,i,'iiize<l  at   clitrereiii 
imeen    valley 


many   as   a   dozen   ditferent   tcrrai 

levels.      Above    tlie    month    of    Slate    creek    the    'I'ul: 

narrows,  and  there  is  litth-  room  ..ji  it-  ^.tecp  r-iiK's  for  the  reception 

-  f   stream    gravels.      I'elow    that    point.    hciWcver.    the    valley   grows 


f  sj  >  »  •.-»  »  - 
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an.l    gravel     ,K|m,mis    l.avo     nTOuniuhited 


ill      con<iil.  nil. 


wider, 
nuantity. 

Ot.cr   vall..y     ,1„„„,.    ,„,,,,    „.,,   .,,.„,,     ,,^_^   .oiapaiativelv    ,ew 

-th  the  Ti.lani,...,.  nv.r.  The  ..a,Ie  of  ,he  valley  i.  so  low  that 
astream  can  not  now  transport  any  but  ,ho  Hnest  kin.l  of  material- 
-1  even  n„.eh  o.  the  nnUerial  that  i.  now  found  in  i.s  hotto,  ,  t 
PParently  heen  ,h,.,.i,e..  in  ,ho  „„iet  waters  of  a  lake  and  not  1  v 

■•'iiining  water.  •■ 

In  the  .mailer  ..reams  of  the  di.triet  .ravel  deposits  are  found 

much  greater  ahundanee  at  .„, stance  ahove  the  months  o 

e  streatns  t  an  ,n  t he  imn.ediato  vieini.y  of  their  Junction  with 
he  ma  ter  valleys  o,  the  Tulan.een  and  Otter.  This  is  due  cntirelv 
to  events  wh.eh  hap,K>nod  in  the  later  stages  of  the  history  of  tlu-c- 
=treams^  whereby  their  grade  wa.  altered  to  torn,  hanging  vallev. 
and  sufhcent  time  has  no,  yet  elapsed  .  enable  all  these  UibntaV 
streams  to  cut  down  their  beds  and  enter  at  grade.  The  effect  i! 
as  we  now  f,nd  it,  nan,ely.  a  nn-k-walled  canyon  in  the  lower  p,rt 
wuh  a  more  open  Haring  valley  above  this.     The  result  is  that  we 

Z-ft"     r   "",  •'  "■"'  '"''^   '"   "'""   '^"''^""■•■^   ^'—  shallow 
depo=.t,  ot  gravel  or  no  gravel  at  all  for  a  short  distance  above  the 

..c  .on  wuh  the  Tula. „  and  „t,er  valleys,  and  above  that  mLe 

e. ten,    e  deposits,  constituting  i„  the  ea.-e  of  ,|,e  larger  tributaries 
uhat    the    placer    ni.ners    ell    -deep   ground."      .Such    deep   ground 
x..ts   .n   Gran.te  creek    above   the   mouth   of  the  North   Fort  .„d 
"   ',  ""•   C"^""""--  ""<!  K"»^l-  «rccks  about   the  ca.,y„us  at    tbeir 
mouths.     S.m.lar  deep  gravels   are  found    in    the    upper    p.rt 
Boulder  and  Klliot  creeks,  bu,  their  econon.c  impo-'t^L  l^  ^eo-i^ 
t.ve.      ihe  deep  groun.l,   howeve,-.   of  (Jranito  an,l   Slate  creeks^•- 
.mportant,  and  wherever  bed-rock  has  been  succossfullv  reached  in 
placer  .n,n.,.g  operations  the  gold  and  platinum  obtained  has  well 
repa.d  the  extra  outlav  necessary  to  mine  them. 

Structural  Geology. 

first^nJl^'l"  "'  ""  .^•^•"•'"-'  ^«'''"^^  "(  "  region  iuvoKes. 
first  of  all  a  dear  concept.on  of  the  original  conditions  under  which 
the  roc  s  in  ,t  were  formed,  and  a  knowledge  of  the  cai.e.  wh  h 
are  l.kelv  to  produce  changes  in  structure,  and  secondly,  a  delcr    - 


'..  t'iAms' 


^sy■t!l>ji^7za 


I'llAMKIX    IH> 


ii:i.  T,  1!. 
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tioii  ..i'  tlic  pro  lit 


rOf"k     lin.li:,.       "IJ 


l"i>in..H.  iitii'iiii,..  .,||,j 


II'    >tni.-tliriil 


..f  til, 


iii:i|i  fr'.ni  ,-ist    t. 


-i-i!i.in<  cli 


I'.Mfiil.    ih,>    ,tri,.'ttin)l    .■,„„( 


«'i-t     illiHt,Mt,>.    ,|i,|„. 


■  iwii   (hruii^'li   ill,,  ir,,,|,,„j,,3i 


riiiiimatic;i!]v.    t 


ifi'.n 


>    !i    (•.■rtiiiii 


I'll  ill.'  \ 


!in..u.   l'..nii:ili. 


''•'"••    "vi-tiiiir    ,i,i,i    til,'    ri'l 


I'li'K'ly,     (lie     'I'liliiii, 
'lie.-,  !iii(i  ( 


•"  -'■■'<'    111. II  mII  tl, 


JTullp.     (  V(|: 


-'iMtitiwl 


I'lcr  ro,;ki 


'i^'ll''     I'MSIlll.    MTIV    l,|i,|    ,1, 


r    ^'.iiMii 


ri'li-.tiong 


(oriiiatioiis. 


■*orios    Colilwator 


il 


111   an   ;iititii,|,.  u-liicli 


'«ii  oil  tlio  Mirfnco  of  tlie 


mil  otliiTwise.     'I'll..  .1 


iiavp    lipcii    jrnaloi 
have   heeii   si 
foiiml 
th 


I'   "f    lllo    11 


■MS  oritriiially  aoarer  iiorizontal 


111. Ill       10      ,l,>ir 


IllllCllN    w.iiiM 


Ifjlilly    i;i-(,M|, 


I' 


Ilif'ir  nnv 


fiv  poiilaots   uoiilcl    I) 


'ip"anl    )•,■,,,„    ,l„.    i,,,, 


'■>•••'.    wiiili     tho    vmI,-,i„[,.    I 
'"'   oniptivi,.   ignooiis   rooks,   h 


'■crtaiiily  not 


i'>ils    iiiiiy 


lowcver. 


•n.ir  ot'   Il 


iirth. 


otlicrwi.ic 


"'   as   a    rii|i>   i 


'0   that 


<'■■■"■''.   v.Tti.'ally    iii.'lin.'.I    ih; 


Tl 


iiri'iigh  (ii-lurhai 


'tratiUwJ  rocks  )ia>  1 


lie  in  the  same 
older  the  fornia 


'<■>•-    in    tilr 
'r-<'ii    ''haiiL'-.-d 


til 


that    th 


'■'■"-'    II"'   attitu.io   ,,t    til, 


po-ili..ii  in  wiiicli  thov 


ley  (I.,   II,, I 


tion   the  nu 


'■>■>■  lii-st  lai,l  ,1 


'llie   princinaj   ,aii 
oniHi'iiii-   ili.stiirhance  ai 


irc  ^rroatlv  w 


of   ^1 


111  it  have  1, 


ii"W   al«:,y< 
'ov-u.  ami  the 


The 


kI   hall 


riK'tural    cjii 


•en  (Ict'ormed. 


■I'ifie-    ill    tl 


lu    r 


lolithi,'  iiitniv 


'oc-ks   are 


I'art  of  the  Coidill 


stronf;o.st    (.ruj.'i_'iiir    di^mrl, 


llIK'i 


rceoril 


eraii  rr.!-i,,ii  *i„(x'  the  f. 


ill    (I 


If    Western 


1 Iv   r' 


tfi-nup  took  phuc  in  the  Juras 

disturbance  tl 

We  now  kii,>w  ,,l. 

tnrb 

strat 


Tination  of  the  Tiilaineen 


period.     At   the  U 


K.-    plTSrllt     in     tl 


inning  of  tl 


"rl-o    iho-, 


•a nee  tl 


10  attitude  of  tho    1 


.r  the  'I 


■|'olaiiuvn  di-triel,   th, 


u- 


"'■""•''■"  »-'roup.     [n   this  dis- 


a   Were  coiiiiae-s,,!   and   foldcMJ 


'ilaiiieon  tfroiip  was  olianjrcd  and  it? 


synelines  with  hipli  dips.     Tl 


iii'o   a    -orir^   of   aiilioli 


east   and   west 
north  and  south.    ( 


lireotii,ii. 


ic  niHiii  I'oii 
that   tho   a- 


iie.s   and 


pi'<'-.-iv(i  f, 


'roes  aeted  in  an 


and  soutli  direct 
normal    in    this 


onipression,  how 


rhr    f,,t,ls 


ion.  so  tliat  folds 


'ever.  Was  al-o 
iii'o  al-.  f ,,| 


now   tiiii,] 


'  ii''d  in  a  II, Till 


identify 


lireetion.      .Mthouoh    i,    h,„    ,„„    ,,, 


with  a.\e.s  rn 


niiuu 


many    faults    in    the   l.o,|s   „|-   ,)„.   -j 


laiiltiiipr  iindouhtedly   took  pi 


'eeii    p,.s.si|,li.    f„ 
iilaiiie.'u   arniip.   ,i„me 


insr.     A 


nd  as  thr  etlV.'f  of  this  di.-tiirl 
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,        '" '';""''^-  '""■•"'•'"^  -I-  .li-iMrl.aM,.o  on,p,iu.  i«neo„s  action 

^r'/^';'"n  7  "'^  ""^"^''■"  ^'^  ^'  ■"•■"'-^  o^  i«-„s  bodiJ 

each  ot  wh„_.l,  lu„l  .,„K.  ertcct  ....  ,l,e  structural  conditions  of  the 
.x.g>o„  Ar.„„„l  ,1..  border-  „t  ,1,,..  ;«„,„„  ^,„,i„  ^,,^  ^^^,^,  ^,^ 
tl.e  lulmmvM  ^^,„„|.  aro  f,.„.,n^,|  H,,„r«l,  „n  1  f.„lu,l.  and  ,. 
some  cx.ont  m  ..1,1.,,,.,.  str,„.„uv  is  in,l,„vd  in  then,.  Tl,e  folding 
•"•<  lault.ng  ,.,..„ltin,.  .Von,  tlu-e  intn.Mons  is  prol,«bIy  less  than 
that  ,,rodn,...d  on  the  strata  by  mountain  buildin^^  forces.  \,.o- 
Physe.  ol  the  .Knc.ns  ro.-ks  were  at  the  same  timo  th,u-t  into  tho 
hssun^  so  produee,!.  and  n.any  ,n:all  ,,uart.  veins  were  forn,od. 

i.o  .«ne„us  bodies  ,lu,n.elve.  are  as  u  rule  e'  n.^ated  in  a 
.  ireet.on  winch  eonforn.s  to  the  n.ain  erogenic  axis  uf  the  region 
'"at  IS  to  say  they  have  a  greater  length  in  their  north  a  1  south 
axes  than  in  their  east  and  west.  This  sl^,,,,  ;«  due  not  so  nu.ch  t.. 
ater  .on.presHon  along  ea=t  and  west  lines,  but  rather  to  the  fact 
l.at  the  intruded  ro-ks  had  I  een  predisposed  to  weakness  in  those 
directions  so  that  when  the  intrusi„n  took  place  the  igneous  magn.a 
followed  those  hues  of  weakne-s  i„  preference  to  cutting  across  the 
strike  ot  the  rocks. 

For  the  >.nu..  rea,..n  the  majority  of  the  smaller  igneous  intru- 
sions trend  m.ith  and  south  instead  of  east  an.l  west 

Neither  the  Ce,lar  volcanic  series  nor  the  Coldwater  series  are 
as  greatly  delorir.ed  as  the  Tulameen  group,  for  their  dips  are  now 
rarely  more  than  4r.  degrees.  These  rocks  lie  in  a  downwarped 
l.as.n  an.l  tho,r  dips  are  roughly  inwar-l  from  all  sides  towards  the 
-cntre  ot  the  basin.  The  cau,e  of  .his  .lownwarp  is  not  known  but 
It  n:ay  poss.nly  b..  .jue  to  withdrawal  of  the  material  whieh  consti- 
tutes the  Ce,lar  voleani..  .,.,-les  from  a  chamber  umlerneath.  and  it- 
e..trus.on  on  ihe  surface,  causing  a  sinking  of  that  surface,  "n  this 
proc-ess  normal  faulting  might  bo  oxpoetod  to  have  taken  place 
though  no  instan.-e.   of  su.'li  have  ,ve.  l,e<.n  noiod. 

The  youngest  s-ra.itiod  f.nua.ion  in  ,he  distri.-t  i,  .b,.  olivine 
basalt.  This  lu.s  as  an  approximately  horizontal  slu^et  on  the 
surface  and  ,lno=  not  appear  to  have  been  seriously  disturbed  sincn 
Its  extrusion. 
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(  1  I    ILiiiMcr  frraiiito. 
•-J    I'cri.l.itlt.-   iijicl    p.vio\ruit.>. 
I'il   Aiiyite  -y.'iiitc. 
1  I)   Eajtlo  Rniiuidiorilo. 
■n..;.-  r....k.  w„rl<,..l   ,h..lr  „:,y   „p«or,l   f,-,.,,,   ,1...   i„,,,io,.  oi  th- 

■■","' .""";''^'  '■'" '"*'  '""'  ''"•"••"....1  rooks  ,.,■  ,1,0  Tuln,nocn  ^ro.p 

-i-..„.  ,1,0  .roa  of  ,1,0...  nn-k.  by  a  oo,.i.ior.,Mo  ,.„„„„„.  At  Z 
...ue  ,„„o  ,Iu.  T„lu,n..,.„  <r,.u„  wa<  >,„.ta,n„rph„se,l  by  <.,.ntaet 
a't.on,  lnu.„,ro.l  „,„I  ,i.s„ro.l  „l.,„j,  „„.  bor.lors  of  tl.eso  intrusions, 
und  many  v,.,„.  a,.,l  ropla.vn.ont  deposits  oarryi,,^  ,ho  valuabU 
ii:otals  were  ioniied  in  ,l,om. 

Thecro3ion  perio.l  wl.iol,  ,).,.„  i,,«.n  oon,i„„od  tlnougho.,,  the 
hole  ot  Cretaceous  ti.ne...  .M,„.l,  of  the  .natorial  eroded  away  at 
•I'lY'-ne  iron,  the  Tula.noe,,  distri-t  was  probably  oanied  we.t- 
ward  ,0  be  deposited  in  a  ..>o.y„..linai  basin  which  lay  only  a  few 
nnles  to  the  west  of  the  western  border  of  the  region  ooverod 
l'.v  ti,e  ,nap,  and  .„  ths  ba.i,,  -omc  .-.O,,,.,,  feet  of  sedin.e„ts  are 
e-i. mated  to  have  been  laid  down. 

The  Larimide  revolution  whioh  was  so  etfee.ive  in  the  eastern 
half  o.  Bnt.sl,  ('..hnnbia  was  not  as  pronounoed  in  its  action  i,. 
tns  reg.on  I,  was  however,  effective  to  the  extent  of  putting  a 
.  op  to  sed„nenta,ion  in  the  .■.■etaecu.s  basin  by  elevating  it  out 
^.ewa,er.  '-  .-ba.,,y  aU  .ai^ed  the  We.  of  ,he  regic^  iLl^ 
the   1  ,lameeu  d.str.ct.  thereby  instituting  a  new  cycle  of  erosion 

lhro,.gho„t  the  wi,ole  of  ,|,e  succeeding  period  of  the   Roecne 
m;  >cd>,nent,,tion  nor  vulcani.ni  i.  re..orded  either  in  the  Tnlan.ee,, 
cl.str.ct  .tseif  or  anywhere  i,,  the  adjacent  pa,.,s  of  B.itish  Columbia 
It  appears  to  have  been  entirely  a  period  of  erosion,  and  for  this 
roaso,.    Dawson-  concluded   that  erosion   went   so  far  as   almost   to 
penepla.n  the  whole  country  known  as  ,I,e  Interior  Plateau  region 
M.atover  evidence  we  have  in  the  Tulameen  district  support,  this 
.dea    and  it  ,s  reasonable  to  suppose  that  if  erosion  continued  from 
he     urass,c  ..evolution   to   the  ..lose  of  the  Kocenc,  with  only  one 
..Pl.ft  of  unknown  strength  at  the  dose  of  the  C-ctaceous,  the  re^.lt 
would  l>c  that  of  a  very  .nature  topography  or  conditions  approach- 
n.ff  peneplanation.     The  evidence  of  the  ne.xt   re..orded  event,  how- 
ever weak,  also  supports  this  idea, 

'Bull.  G..S.A.    Vol.  XII,  1901.         ~ 
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Summary  of  Geological  Events. 

MK-i()Zoir. 

(1)   Siihmeri^enee     in     Tria-i.-     ,i,„,.,;     .,.,ii,„.,„„,i„„     .,eco,„. 
1'*'""^''   ^'^    ■^"'■'"1' -   •■^'"<-n  "{  v..|e.,ni..  iiialerirtk 


12« 


'•l--r,<MiI.AI.    .HlKVKV,    (  ANAUA 

r2)  .rnnH.I,.    .vv„l„.i.„.;     ,„,li,-,    .,,.1    ,l,.,„rn,..,„.„    „,    Tria.«ic 
r"'-k*;    etffct   vcr.v   pronouii.'.'d 

'"   """'"""';-    ""-•"--.    ..I-    iK u,    ro.k.    i„    the    £ollo*in. 

or.l..r:  Ilo„l,l,.r  un,uhv.  pi-ridotito  an.l  pyroxenite.  augite 
--.VM.,.,.,  ,„„|  K.,».'l,.  !:runo.li„rit,..  IIvmiUIuk  contact 
m...a„,„rplM..n,  .,„|   l„rM  ati,„,  „i   m.,„v   oro  .loposif. 

(1)    hr(..-.i..ii  p,Ti,„|  ,.\(,.,i,|ii,>r 
present   tiiiu'. 

(.'>)    I.iiriinl,!,.   nv..|iiti,,fi. 


ii>r  III  p;irt«  of  tlii-.  nirinn   up  •  ,  the 
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(til    I-;o<'i>ii."  .-n,,,'..!!   pfii.i.i. 

(71   Kffusi,,,,  of  h.v.-,„    .l,c(...h.r  v.,l,.,„  ..„.,;„,  „„   ,he  oM 
tleiiinli'd  surface. 

'"    '""■"'  ''':7'""n'iM,.  I  i;,n„n,i„„  of  oH«o.-,.,i..  luU  ba,i.i 

in  wliirh  ».<liiii,.,il.i  unci  ,.o,il  „.,.r,>  luj.i  j,,^.„ 
(!•)    Mio....,,,.    oro„..„i,.   .listurhanc:     tilting   of   OV,g„ron^   „.,,;. 
"""N  .11,1  LiHiulithir  i,„ni-io„  of  ()„..,.  ^rn.iiit,. 
i,MH   hrosion  pcrio.l. 

(11>    Viiloaiiisin   iiM.i   ftrnsioii   of  olivii,..  ha-alt 

<•;;.  Pli...v,..  „p,if,  oflnt.nor|.|.f,.a„an.lC |.,  „ „„i„.. 

<'-•    Hcvnalo,    ,|n.ina...    i„    .,...„„    ,...no,|    folhnvi.i,;    ..„ui„^ 
<l-'wii  ot   vnlh\v  l»otlom-i. 

(ilATKRVARV. 

'^^^  ^'*f ' ;'"■.   «'""i""""-     rno,lirica,io„     of     la,„|     for,,,.     ,„d 

broa<lfi,inp  of  vullcv-i. 

(.5.   Retreat    of  «h.,.ial    i-.a,,,.    K,,..,    ,il,ii„    of    ian,i   ,.,naoe 

lollowiii^. 
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CHAPTER  V. 

K(X).V()MI(,    (;K()I.()<;v. 
General  StiUfment. 

^..iedo„i...e.n:;;.::'';,;r  rsrrr/rr'Tr- 
;..  to  the  p....,  «„.o,.„. ..,  ^., ::; ,   ^  ■-;^-  ..o,.,.„..o,, 

Won  made  fr,„„  ,hem.  '    '^*"=*'"""  •'«vi..»r 

and  .1.;;    :!;;;;:"":  ^'"^^  "^^  «"-■«';•• »«"-  -  t-buia^  fon... 
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"-'  -r-s  of  ,h,.  .ii.tri..,  that  are  know,,  u, 

■t.v.'  valu...     Tl>..  variety  U  Kr.at  thouKi, 

'"lull.     It   ,H  ,|„it.-  .-..rtain  that  *.„:e  of 

-^■■.''   .    I'-rib-dl.av.  little  or  T.,pr..s,.nt  value 

■■"•'   "*   "'*™   '"•'•»^'   '•ecan.e  of  the   possil.jlity 

I-        *<'T0  time  heeome  valuable. 

•  '   ^-riuilt  the   only   deposits   that   have    h.-en 

previous   ,„     s.-    K  .     •  .'  ""  ''""'  "'  """^  "'""""^  "'-'•"■-I 

previous   to   K-,80.  but  s.nee  th„t  date  the  total   value  of  irold  «,,  I 

Plat,num  produ.ed  amounts  to  nearly  .fsOrt.KM  '  '^ 

The  platinun,    recovered   fro,,,   ,h,,  ^ray.U  of  this  district  h., 
^o,.  J^no..,y  estimated  at  10,..,  ,„  ,o,.K,  ounces,  and  at  one  ti^ 
thu  d,str...,  wa«  the  pr,nc.ipal  producer  of  pla.i„„„  ,„  „.e  X„    h 
American  continent.  ->ortn 
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Til..  ni.T..  ,.,i-i|y  w..rkc.l  ,.l  th,-  |.lii..(.rs  iuive  hrcn  j.-r.uli,.illy 
exha...-^ti..l,  iin.l  i.f  il,,.  ,,r...,.i,t  timr  i„iiii.ijr  of  thos,-  .Kpusils  is  only 
beinjf  .■arri,.l  .,„  I,y  u  i,.^y  iiHlivi.lu.ls  i„  tl„.  .unuMOP  .oaso„.  Tlio 
gravel  ,l..,„.-it.  ,,r  tlu.  ,li.tri,.t  aro.  u,.l  v.-ry  larKC  hut  there  is  atill 
a  consuhrab:,-  Hr<.a  of  what  is  known  as  .h-ep  frr„iin.l  an.l  somo  btn.li 
•k'posits,  that  nilRlit  he  workeil  at  a  profit. 

Virluiilly  nil  llie  other  mineral  deposits  are  still  in  the  pn.spcct 
stage  of  (Jevelopnirnt,  hut,  with  the  a.lvent  uf  the  railway  lines  now 
being  built,  son:e  of  then;,  espirially  the  eoal  beds,  should  s(,„n 
enter  the  produeiiig  stage. 

After  the  excitement  caused  by  the  di.-,oovory  of  |)laeer  gold 
died  out,  interest  in  the  .listrict  gradually  wane<l.  At  tho  present 
time  this  interest  is  being  revived  owing  to  the  building  of  the 
Victoria,  Vancouver,  and  Eastern  railway  through  tho  (iistriet,  to 
the  discovery  of  <liamonds  in  the  rock  of  Olivine  mountain,  and 
because  of  the  increased  value  of  platinum  which  has  made  tho 
working  of  somo  of  the    Tnlameen  placers  an  attractive  venture. 
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Classification  of  the  Mineral  Deposits. 

.V  i'lacers,  containing  gold  and  phitinmn. 
B.  Primary  deposits. 
(1.)   Diamond. 


(2.)   rialinuni. 

(•■5.)  Gold. 

(I.)   Copper,   u-ually 

(">.)    -Magnetite. 

(().)   Chromite. 

(T.)   ilolvbdenitc. 

^•*.)   A-liestos. 

(!>.■)    Coal. 
(10.)   Clay. 

In  chissi|'yiii;r  the-. 
thill  a  variety  ..f  .'ausi-s 
ami  that  or.;  formal  i.m 
the  ge.il.igical 
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.1.  |M.-iis  Ml-,  or.hhi.-  I..  i.'.'ii('Ms  it  i^ 
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e  g.'.iL.gical  ni-l,.,y  .,f  th.'  w^wu.  1„  a  fienwic  .■Ias.ili,.„ti 
niiti.Tal  ,|,.posits  „f  ||„.  Tulaoi..,.,,  di-tri.-t  fall  into  on.,  of  ti 
following  group- :    - 
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Placer  Deposits. 
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steadily  doelined  year  by  vear  until    i„   ,  i  '7    ''^"" 
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soparatti  sections  of  the  river,  namely,  near  the  mouth  of  the  river; 
aboiit  2  miles  bolow  the  mouth  of  Granite  creek;  and  lietwceii  Slate 
creek  and  the  mouth  of  Champion  creek.  The  last  mentioned 
portion  of  the  stream  in  the  only  one  that  comes  within  the  limit 
of  the  area  under  discussion. 

From  Granite  creek  up  to  Slate  creek  rK.-  Tuliimeeii  valley  is 
wide  and  its  gravel  deposits  deep,  iind  no  attomi/»«  kiwe  been  made 
to  prospect  it,  so  that  it  i.s  impos.siblc  h,  ^ay  what  >  may  contain. 
Above  Sit  e  creek,  however,  the  valley  contracts,  ai.4  the  stream 
flows  in  a  narrow,  rock-wailed  canyon,  al>out  3<Xt  feet  dixp  This 
canyon  is  of  comparatively  recent  formation  and  has  hi-en  cut 
dowr,  ■  'nee  glacial  time,  into  the  bottom  of  the  old,  glacial  valley. 

Ii.  .his  part  of  its  course  the  stream  has  cut  out  its  valley  in 
peridotite,  pyroxenite,  and  in  the  stratifiec!  rocks  of  the  Tularaeei, 
group. 

The  productive  placers  of  this  part  of  Tulamccn  river  are  of 
two  kinds,  nan:ely,  those  lying  in  the  stream  bed,  and  the  bench 
deposits  which  rest  on  the  sides  of  the  valley  either  in,  or  uIkim'  the 
level  of,  t'.e  canyon.  Owin^  to  the  narrowness  of  »bi«  part  of  the 
valley  these  gravel  deposits  are  not  of  great  extent.  I)i(l  tlicy  consti- 
tute some  of  the  best  paying  ground  in  the  whole  district.  They 
rest  directly  on  be<l-rock,  which  is  never  more  than  a  few  feet  below 
the  surface. 

The  placers  of  this  part  of  the  Tulameen  carry  both  gold  and 
platinum,  and  contain  also  small  quantities  of  native  copper  and 
rich  gold  bearing  pellets  of  silver  slaiice.  The  proportion  of  plati- 
num to  gold  is  greater  liere  than  in  any  of  the  other  localities,  and 
in  mining  it  was  found  to  increase  up  stream  as  far  as  the  mouth 
.)f  Eagle  creek,  where  the  greatest  quantity  was  obtained.  At 
liydraulic  workings  a  short  distance  below  the  mouth  of  Eagle  creek 
the  proportion  of  platinum  recovered  was  greater  than  of  gold,  and 
nuggets  of  platinum  were  often  obtained  which  weighed  from  one- 
fourth  to  ono-half  an  ounce  each. 

Different  portions  of  this  part  of  the  river  have  been  worked 
ovoi-  many  times,  and  at  present  it  is,  with  the  exi'cption  of  Granite 
creek,  the  only  part  of  the  wlmie  district  in  which  placer  mining  is 
carried  on  year  by  year. 
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-V,a„./.  r,>,.A.._,ir..„„.  ..„,.k.  „„..  .,f  „,..  ,.r,n.ipal  .ribu.arie, 
.t  lul,.,„^„  r,v..r.  ..„t..r.  u  ,>„.„  „...  s„u,h  a„.J  .lr,un.  a  part  of 
th.  Ir,..nor  Plateau  ro^,.,„.  K„„„  T,„a„,...,.  r,v.r  up  to  the  n.outh 
of  -New,..a  creek,  or  v.rtualiv  for  tho  whole  of  ,h.t  part  of  it., 
course  wh-.-h  he.  within  the  l.„,its  ot  the  ,nup.  i,  Hows  i,.  a  narrow, 
rook  walled  canyon.  ,.„t  uIkmu  ;«K.  feet  ,1.  ,.p  ,„t.,  the  bottom  of  a 
broader  ami  more  „„.„  valley,  h,  this  part  the  stream  flows  in 
umny  pla.^es  directly  on  the  U-d-roek,  an,l  the  gravels  ar,.  nowhere 
-leep  or  very  wide-spread,  la  the  n...r.  opeu  part  „f  tl„.  vallev.  ahove 
.Newton  ereek  where  the  ,.n,le  is  ea.ier.  th-  gravel  deposits  are 
deeper  ami  of  jfreater  v.lun:e. 

The  rock.  ,.ut  through  by  .;ranite  creek  are  the  .tratiried  rocks 
oMhe  rulameen  .roup,  which  in  place. ta.n  .old  b..ar.n.  .p.att. 

(iranite  ereek   ban  bee,,   onne-l  from  the  Tulameen  river  up  to 

Newton  creek,  above  which  the  .ravels  were  s, ep  that  be<i.rook 

could  not  be  eas.lv  reached.  Fn  thi.  part  there  L  little  bench 
gravel,  the  workable  def..sits  bein.  found  in  the  l,ed  of  the  present 
stream,  and  occ...i,.nally  in  „ld.  abandoned  channels,  which  ^.ut 
across  po.nts  ,n  the  pre.en,  valley.  The  shallow,>e»s  of  these  .ravels 
made  them  eas.ly  „,i„cd  and  they  were  soon  worke.l  out.  The  pav 
.ravels  were  found  restin.  .iire-tly  on  bed-rock,  and  proved  to  be 
compact  and  .■en.ente.l  to.ether  with  a  stiff  .'lay 

Both  .old  an.l  platinnn,  ocrur  in  the  creek,  the  ratio  varyin. 
from  4  p.,rt«  of  .old  to  1  of  plat.nu.n.  to  e„ual  parts  <,f  each 
metal.  Ihe  proportion  of  plati.nm  increase,!  hl.her  up  the  stream 
and  was  jm^atest  in  the  .Vewton  (V.^^k  branch. 

The  .ol.l  is  coarse  ar.d  rou.h,  denotin.  a  lo^al  ori.in  and 
nu..ets  have  ben  obtained  worth  from  $1<K)  to  $1M.  .Son.e  of  the 
"ugKcts  exam.n.d  appeart^l  to  be  a..re.ates  of  s.naller  nug.ets 
grown  or  welded  to.ether. 

The  platinun,  is  in  snudi-r  nu..ets,  .enerally  rounded  and 
P.tte.  w.th  boles.  \o  nu..et.  have  been  obtained,  to  the  writer's 
knowle,l.e.  wei.hin.  more  than  half  an  ounce. 

Collin,  6Wc/,._(ollins  .ulch  is  a  small  strean.  not  more  than 
^  m.les  .n  len.th  enterin.  the  Tulameen  river  from  the  south 
about  U  mih-s  below  Tulamec.  villa.e.  It  contains  only  a  limited 
<3uuntity  of  gravel,  and  was  mine.!  years  ago  for  about  half  a  mm 
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U|>  trmii  tlif  'i  iii;iMi-'"ii  riv.T.  It-  ^Tavol  carrii'il  ?oinr  I'narsO  golJ, 
I>ut  it  i-  11111  known  wli'tiiiT  .>r  not  tlicro  was  any  |iliitiiiiiiii  proseiit. 

'riu'  portiuii  ,,t"  ihi,-.  -tr,  ,1111  iiiiicil  lii's  virliially  in  liic  Tula- 
nii'ci!  vallpy,  so  tli:it  tii">!-  k'ruvi'is  may  luivo  bfi'ii  f<irnii-il  l.v  the 
Tulanii'iii  riviT  it-dl'  at   an  imiikt  -iiairi'  in   its  lii-l"rv. 

l'"T  llio  (jrt'atiT  part  ft  it-  li-ntilli  Collins  ffiilc^li  tiaviT-fs  the 
dial  hearing  r^ck  <>(  the  I  .ild>\.  tiT  •  -ries,  and  niilcas  tlu>  I'lnglo- 
nuratrs  ami  i»andstoMi\s  at  tlic  lia-c  uf  that  -cries  <'any  >;ii|i|,  it  is 
iliili-iilt  t"  say  I'run;  what  .-..in.-  the  gdhl  of  Collins  ^rnlch  may  have 
been  ■Icriviil.  ( 'oMLfl'>ini'ratr-  ■■\  this  aj;o  in  •ihiT  part-  mI'  liriti-h 
Ciliniliia  lid  I'arry  sunie  iinM,'  and  it  is  ipiiif  po— ij.lo  that  these 
may  also;  aithmiifh.  -in.-o  a  t'avonralile  spot  at  wliiih  t<i  ir-t  tin  ni 
wa>  ni;t  fouml,  proo!'  that    ilii>y  do  ?o  was  n"t  nhtaiin'il. 

Cedar  Crcrl.-. — (V'dar  <retik  i-  a  small  stri- na  (louin^  into  the 
'riilamctii  rivor  about  :.'  ii;il.><  almve  Otter  i  .-ek.  No  work  is  now 
lieinj,'  done  on  it,  hut  when  mined  some  years  ago  it  yi<'lded  botk 
gold  and  platinum.  The  streuin  is  about  -Ji  miles  ]<>ng,  and  its 
valley  has  been  cut  into  the  roeks  of  the  Tiilameeii  gri'up,  and  the 
Cedar  voleanic  scries.  The  eongloii;erate  ami  sandstone  at  ths  base 
of  the  Coldwater  serie->  ar.>  als^  expu-ed  in  several  places  in  the 
valley  of  the  stream. 

Slale  Cii'vL-. — Slate  ereek  enters  the  Tulameeu  river  trom  the 
south,  about  S  miles  above  Tulameeu  village.  Jt  is  a  btrtani  about 
7  miles  ill  length,  oeeupyinur.  in  its  upper  part,  a  f.iiri.\  d.^ep  hut 
tlarini,'  valley.  I.ower  down  it  passes  thr(i',i;h  shun  .aiiynn-  an. I 
empties  into  the  Tulameen  in  a  .-cries  ,if  waiTfalls.  It  drains  a 
Oun^idcrable  area,  liic?  great. m-  jiart  .it  which  is  oceu|)ied  by  tlie 
stralilii'd  rocks  of  the  Tnlamccn  group. 

The  placers  of  .Slate  creek  lie  in  tin;  bed  of  the  str.-am,  the 
ini.-t  extensive  deposits  luinjr  in  the  broader  pans  of  th.-  valley. 
ab-.ve  '.he  falls  at  its  m.iiith.  A  tbi.-k  depc-a  .,t'  boulder. lay,  ass. - 
ciattnl  with  >ome  stream  gravel,  lie-  at  the  iiMuth  of  the  .reek  and 
some  attempt  ha.l  been  made  to  mine  this  Iv  hyiranli.'  methods, 
but  ajiparMitly  without  success. 

."^late  creek  yiel.le.i  well  in  former  years,  .md  still  contains 
some   travels    that    n:ight    be    n.iiied    profitably,    thnugh    nothing    ia 

T.  -^.r     \  .1.  V!!   p:,2,. ::!!  p. 
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n^  u,,,,..r  l.,:„„lu.s  l!„w   in  l,i-„i„|lv  ,|an„j.   -.iili,.,,     |t  ,,„,  ,1,,,.,,^.,, 

Braii...li,.ni,  ,  a  ,„,„i|  |„„„|  ..(  ih,.    r,i!;„„....„  p,,  i,,    ^„„|  ^,,   ,,,  ,, ,,^ 

tlir-i'ifh  |.yr.  M'liii,.  ami  |..  ri^Litit... 

Vrry  11, II,-  Miimi,,:  lui.  l„.,.n  ,1,.,,,    „„  ,|„.  „,,,„„    ,,„|  ,,,  ^^,,^.^,| 

<iv|-si-.   i,r,.  .,(•  .-mail  ..xMit    .-^iH-oialiv  „.   ,|„.  |,,„,,.  |,.,r,,.    .\i,„^,.  „,  . 

.■an>.,ii   .l„.y  iir,.  .{.viht  ami   i,i..r,.  wil,.  -,.,va.|.  I„ii    ,t   >,,,-   ,;,.,   ,.,„.„,.. 

taii„..,l    ul...,|„.,.  „,   ,„„    ,;„.,.   |,^„|   j.,.,.^   i,,.,,,^    ,.r.-,„.,,„.|       \,,,r    ,1,,, 

lii,.jiitli  c.arv  K<M  mi.|  pL.tiimm  «,.r,.  ,,l,taim;.i, 

,       ''^■'"""■'"^    (''■•■'■'■■■     <  lu i,„i    ,.iv,.u   ,i    „.    ,,„.    Tuiam....,!    tn.m 

tlMY'""!'.  -^Tly  -J  mil..,  ,,l,„v.,  l.;„^l..  ,.,,,.„,.  ,..  ,..,1,.^.  .^  ^,^^.,_^^ 
t.i  tlm-t-  ,.t  many  ...L...  I.,i.,,.,ii...  ..(  ,|„.  Tulam,.-,..  l.a.i.L-  a  n.>rr.,»- 
r  .••k-wa!i,',i  , -any,, n  II, ■.■,,■  it-  m..,ith  .,ii.|  al.r.....lr  llarim-  va!!.-, 
aii'.ve. 

"'""'   I"-'-l«-''^   I'^i^-   1 H   .. Maine,!   fn   »,.  1  •   .,„.|   |,h„i,ii„,i   fr,.,,, 

tl..-  rfruv.-U  abov?  the  .-any.,!,,  bur  th,-  er..n<ul  i-  ,!.,.,,  ;,„,1  h;K  n..- 
U"  bot?.,me.!.  TluT,- .  —  virliialK  „..  :,.rav,.l-  !■  •!„.  .-anv,,,,  |.,ti  i..„ 
at    tin-    ::.,.!lth  of  the  -!      ,,.|  . 
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GEOLOGICAL    SURVEY,    CANADA 


BouUer  Creek:— Boulder  creek  is  a  tributary  oi  Otter  creek, 
and  flows  into  the  north  en.l  of  Otter  hiko  from  the  west.  It  is  a 
small  stream,  flowintr  for  the  jrreater  part  of  its  length  through 
rocks  of  the  Tulameen  group.  These  rocks  are  well  mineralized, 
and  have  i.rohahly  yielded  the  gold  now  obtained  in  the  placers. 

The  .stream  was  mined  for  a  mile  and  a  half  above  its  mouth, 
and  gave  good  returns  in  gold,  tliough  it  yielded  no  platinui  The- 
last  work  done  there  was  in  1009,  when  a  few  Chinamen  worked 
over  some  of  the  old  gravel  dumps. 

LHARACTElt    AND    COMPOSITION    OK    TIIK     METALS. 

Most  of  the  gold  obtaine<l  from  the  placers  of  this  district  is 
coarse,  and  has  the  rough  unworn  appearance  which  is  character- 
istic of  gold  that  has  nol  travelled  far  from  its  source.  There  is 
comparatively  little  flour  gold  to  be  found,  and  fairly  large  nuggets 
were  cmmon.  The  largest  nugget  found  in  the  d,-trict  was 
obtained  in  Bear  creek,  and  is  -aid  to  have  beeii  worth  $320.  Most 
of  the  gold  examined  looked  quite  clean,  but  in  several  cases  it  was 
associated  with  white  quart/..  A  peculiar  form  of  nugget,  obtained 
from  working's  on  Granite  creek  near  the  junction  of  the  North 
Fork,  looked  as  if  it  were  piade  up  of  a  mimbor  of  smaller  nuggets 
grown  together. 

The  value  of  the  gold  from  the  various  creeks  in  the  Tulameen 
district  is  fairly  constant,  the  banks  paying  ,$n.SO  for  it.  Boulder 
Creek  gold  is  slightly  better. 

Platinum  rarely  occurs  in  large  nuggets,  and  never  in  nuggets 
comparable  in  size  with  those  recorded  in  ♦ne  case  of  gold.  The 
largest  nugget  ever  found  in  the  world  is  reported  to  have  come 
from  the  Ural  mountains  in  Russia,  and  weighed  21  pounds  troy 
or  252  ounces.  In  the  Tulameen  district  the  nuggets  are  invari- 
ably small,  and  the  writer  has  not  heard  of  any  from  th-'s  area 
whose  weight  exeeedwl  half  an  ounce,  although  he  has  seen  one 
which  approximated  that  weight. 

Again,  the  platinum  of  the  Tulameen  district  is  in  small  grains 
or  pellets,  varying  in  size  from  one  to  four  millimetres  in  diameter; 
the  weight  of  each  grain  is  measured  in  milligrams.  The  grains- 
are  generally  rounded  in  shape,  and  not  flattened  or  angular  like- 
the  gold  that  occiira  with  them.  The  surface  is  usually  pitted  with 
•Bull.  U.S.G.S.  No7\93. 
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rounded  cavities,  and  these  eavitie-  ar..  eftm  rill.d  with  foreign 
rock  matter.  In  the  majority  of  the  phuinutn  srain.  examined 
th.s  foreign  matter  prov.d  to  h,-  chromite,  but  Prof.  iv,mp  states 
that  he  also  f„„„,l  both  .divine  and  pyroxene  associated  with  the 
platinum.' 

All  the  platinum  can  be  separated  into  two  parts,  namely,  mag- 
net,o  and  non-magnetic.  The  n.m-nu.gnetic  part  forms  the  greater 
proportion  of  the  total  bnlk.  The  magnetic  part  wa.  found  to 
consist  of  grains  of  platinum  loosely  covered  with  small  particles 
of  a  black  metallic  i,      .ral,  pmbably  magnetite. 

The  heavy  minerals  ass<,ciatcd  with  the  platinum  in  the  con- 
centrates were  found  to  be  magnetite,  ehromite.  and  native  <',.pp,r. 
Dawson  reports  finding  some  silver  glance  also  in  certain  of  the 
concentrates.' 

A  san;ple  of  platinum  obtained  from  Granite  creek  was 
analysed  by  (i.  C.  Iloflfmann,  of  the  Geological  Survev.  in  ISSd."  The 
sample  contained  17-894  grams  of  platinum  with  a  specific  gravity 
of  lG-6Se.  The  platinum  was  separated  into  a  magnetic  and  a  non- 
magnetic part,  the  former  weighing  ti-7T9  grams  and  the  latter 
11-115  grams.  Each  of  these  parts  was  analysed  separately  and  the 
composition  of  the  whole  calculated  from  them,  with  the  following 
results : — 


Platinum 

Palladium 

Rhodium 

Tridium 

Copper 

Iron 

Osmiridium 

Gangue  (embedded  ohromitc). 


Non- 

Magnetic. 

magnetio. 

Total. 

78-43 

68-19 

72  07 

009 

0-26 

019 

1-70 

3  10 

2-57 

104 

1-21 

1-14 

a -89 

3  09 

3-39 

9-78 

7-87 

8  .59 

3-77 

14-62 

10  51 

1-27 

1-95 

1-69 

99-97 

100-29 

100  15 

In   default   of   other   analyses,   whereby   an   average    could    be 
obtained  of  the  relative  proportion  of  the  various  metals  associated 


'Bull-  U.S.  Geol.  Surv.  No.  193. 
'G.S.C.    Vol.  I  I,  p.  62  A. 
•G.S.C.     Vol.  II,  p.  5  T. 
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"""''   "'"  'i'"l"">oi'U  plan- ,.  ,|i,.  al.ov,.  nun-  1,..  tnkn,   „   r  |„vm  „•- 

n.g  tl.e  avcra^o.  Th,.  ,.„|y  i,„„ona,U  ooustituout.  -L.-m-Ics  ,!„. 
""■'''""■  Pl^'tinum.  i.  ,h,.  u<„:i,.i,liM,„.  tho  porcnt...^.  of  wl,i,.l,  i. 
seen  r„  bo  1051.  I'nni„u,  t„  I!i(C  n..  rrttirn  wn.  dven  l.v  platiniin, 
■^'•■■'■l.ants  for  tho  osnuridinn:  .■.nt.nt.  I,„t  in  that  year  a  .listincfion 
^va.  made  tor  tho  fir.,  tin.o  Ivtweeu  •onlinavy'  an.l  'hard'  ph.ti- 
■HH';-  iho  hard  pla.iuun,  hrings  a  hi^'l,or  pri.-e  and  i.  that  whieh 
>s  nel,  ,n  .,snnridiu,„.  whieh  is  allowed  to  renain  in  tho  platinnn. 
nt  the  Mip„...  The  Tnlanuvn  platinnn.  eonlai,,.  -ntii.i.nt  e-n,iri- 
dMun  to  allow  it  to  U.  ..l,,,„i  ,,  „„^  ,„„,,  „„.,^,,_  ^^,_  I  .^  ,|„,.,.t,„-.. 
hrniir-  the  hifrher  |,riee. 

The  priee  of  platinnnt  has  increase.!  rapidly  within  the  la^t 
fonr  ■■■•  five  vear.s  and  a.  the  world's  visible  supply  i.  Hn.itod  th.re 
.s  no  hkehhood  of  the  priee  falling,  e.peeially  as  jeweller,  have 
recently  deeded  to  use  platintun  .nore  lar,^ely  as  a  setting  for  ,^en,.. 

oaica.N  ANu  Koiiu.vnov  ow  Tiir,  rr.vcKR  lkposits 

-Much  of  the  gold  and  platinnm  found  i,:  the  Tula.r.eeu  district 

|s    c.,a,.e    and   has    that   rough,    unworn   surface   characteristic   of 

u  .»-ts   wh.ch   have   not   travelled   far  from  their  original   source. 

-en  in  the  beds  ot  rapid  streams  the  distance  to  which  coarse  gold 

travels  is  as  n  rule  not  considerable,  and  the  same  rule  applies  to 

tlK  .  of  gold.  ,AInch  of  the  gold  of  the  district  is  still  fon.td 
e-nl,edded  n.  quart.,  while  the  platinun,  is  often  assoeiat  ,1  wi-l, 
ly-xene,  ohvine,  or  ehrondte.  Jt  is  to  be  concluded,  therefore. 
'■^H  the  pre.sent  placers  are  not  very  old;  that  they  have  been 
'I'nved  from  t\fe  breaking  down  of  rock,  not  very  far  .li-tant  an  I 
">v  -f  entirely  the  result  of  the  working  over  of  more  aneient 
plaecr  deposits  formed  by  earlier  streams. 

Some  of  the  gohl  and  platin.nn  of  the  district  mav  have  had 
n,  source  tn  certain  old  beds  of  sandstone  and  conglo.n^rate  in  the 
Co  iwater  sertes,  which  have  been  determined  as  Oligoeene  in  age 
and  wluch  outcrop  on  Cedar  creek,  Collins  gulch,  Blair  creek,  and 
he  northern  face  of  Jackson  mountain.  Dawson  cites  three  locali- 
ties m  the  Kamloops  district  to  the  north  in  which  he  found  Oligo- 
oene  conglomerates  to  contain   traces   of  gold";    hence,  by  analog.v, 

'  Geol.  Survey,  (  itnada,  Vol.  vn,  p.  314  B. 
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tb.-rJ  1-  >.„„o  r..,-.,„   ,.,  -,-,.,  ,.f  ,imr  1,.,,!,   .„M   :„„1   pla.in,,,,,   ,„..v 

bo   lo,;,.i    i„   tl...  (.Ii...vn ,..i,,nnral.-   u(   •;„.   T.lain.vu.     It    is 

II'  r  kiwu;,,  lin,v,.vrr.  iIm!  ,,;i.v  ,,-,-  Ir.,:,-  ,-vrv  l,..,-u  iii.i  I,-  ol'  tl.Cre 
'"''■•■  -^'  l'"'  ^•'11'"  tMif.  Ii  au,-,.-  •:..,..  .:,u:'\nmrriV,'-^  iir..  an:. ,111; 
""■   •■■  "■"-'-f    '■-.•ks    ill    tiir    .ii-in-t.    tii,-y    lia\..    Jim:,    i;i„l.,iiltc<ny 

'I' iivc'!   fr.,,,  tl,„  .-: ,.,„.k,s  will, -I,  !,av,j  l..ni.r.l  tlir  pre-ciit  siroaii. 

>l'-I.M<!t-:    an, I   l„.raii-,.  tli.-..  -tn-ai..  a.M  —  it,-  aiv  prHluct  iv,.  in  l.,,'i. 

t^-'i-\    ai,.l    platinum,    it    i-    t.,    !„•   ,-xp,r-f.|    ll.at    tlu-   Oii- no   cii- 

^:l-rn.Tat.-^  a!-.,  .-any  a  r,  nain  .i.iantiiv  .,1  tia-,-  ii„-lal-.  Wlii'tlicT 
'-r  :i.,t  tliat  MH.nitity  i-  -aiii.a.aitiy  c.,n..,.ni  ,at-,l  t..  iMrni  [layaiilo 
(!.'n,,..ns  is  nni  knuwn,  ijut  a  t.-,-t  to  a-aTlaiii  this  [•.,iiit  niit:Iit  wi'll 
!"■  •.v...nli  wiiil,.. 

Tliu  ultimate  .-uiiivr  ,■{  the  gol.l  an. I  [.latiiuim,  in  both  the  ol.ler 
aiiil  tiio  j-oinifrer  phicer..  )i.r,.-t  of  hecesMty  have  Won  the  solid  rocks 
wlii.ii  umierlio  uii.l  are  a.jjacvnt  to  ilioiii.  Tli.'  conjtJtm-nts  ,.f 
plucrrs  have  beoii  produccl  by  loug  pi-ui'es-os  of  erosion,  and  tb.- 
concentration  of  the  n:etals  therein  is  the  result  of  the  transp.irta- 
tioti  and  working  over  of  the  constituent-  by  tlie  streams.  .Vs 
plar.rs  are  u-ually  thin  and  iineonsoiidated  deposits,  easily  removed 
by  or-Mve  action,  only  tlio-e  most  recently  t'ormeil  usually  now 
remain,  and  these  are  found  in  the  beds  of  tlie  ju-e-ent  streams. 

1  he  shape  and  size  of  the  mineral  in  ibc  placi-rs  are  important 
fact-M-s  in  the  process  of  concentration.  Tho  liner  the  mineral  the 
more  easily  it  is  transported,  so  that  the  lar.Lior  nujigets  are  found 
near  the  orifriiuil  source.  The  =hape  of  tlio  uu-irets  is  also  an  imli- 
cat;..n  of  the  distance  tiioy  have  travolled :  thus,  an.-u'ai-  aud  n- 
Worn  nuiigets  im|ily  proximity  t(.  the  origin;d  -omi-c,-. 

The  fact  that  the  b'old  of  this  dk-frict  is  of  bnail  origin  simpli- 
fies the  determination  of  it,  source.  It,-  frequent  asjociatiou  with 
quart/  in  the  nugget.-  -uuLze-t-  that  tla-,.  nugget-  at  least  were 
derived  from  quartz  vein-.  Such  quait/  vein-  arc  known  to  exist 
in  the  ro  '•  r.{  the  Tidameen  group  .'ind  to  be,  lo.-.dly.  very  rich  in 
gold.     T  .,no  group  of  rocks  carries  gold  under  ditlerent  condi- 

tion- ol  deposition  to  that  in  quartz  veins,  namely,  in  contact  meta- 
ni'irpliio  and  rcplacenunt  d  ■p■l^ils  akaig  tlio  eontaot  i,f  i'jneou- 
intrusi\es.  Virtually  overy  stream  earryinu-  gold  traverses  these 
rock-,  and  it  is  believed  that  they  have  furni-hed  the  ina.ior  part  of 
tli.>   uold   ..(   the   placer-,     Cold   ha-   alsu   been   obtained   by   analysi* 
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from  parts  of  the  peridotito  of  Olivin.  mountain  un.lor  eon.litions 
which  precl.ul..  the  po.sil.ili,,v  „f  it  havinjc  been  sceondarilv 
depos.ted  in  it.  This  k-KI  appears  to  be  a  primary  eonstituent  of 
the  pen.lotite  mat-n.a.  uiid  as  sueli  probably  oceurs  sparingly 
throaj^hout  the  roek.  Krosiun  ,.f  this  roek  eause.  the  release  of  the 
gold,  which  would  then  po  into  the  placers. 

It  was   ascertained   by   the  niiners  that   no  platinum   was  con- 
tained   .n    the    gravels    of    Tulameen    river    above    the    mouth    of 
Champ.on  creek;    but  thence  to   the  mouth  ot   Slate  creek   and  in 
Mate  creek  itself  were  found  the  richest  diggings.     As  the  distance 
.ncreased    downstream    from    rflate    creek    the    platinum    gradually 
decreased   in   quantity,   the   grains   beca.ne   finer   and   had    a   much 
more  water-worn  appearance.     The  platinum  bearing  tributaries  of 
Tulameen  river  besi.les  Slate  creek  were  Cedar,  Eagle,  and  Bear 
creeks,  with  Granite  creek  and  its  western  branches.    The  Granite 
(reek   gravel,   however,   contained   a   diminishwl   quantitv   .,f   plati- 
num, while,  too,  the  grains  of  the  metal  were    finer.      All    these 
stKunns,  with  the  exception  of  Cedar  creok.  have  their  origin  in    or 
else  cut  through  the  belt  of  very  basic  rocks,  wliich  runs  from  the 
head  of  Newton  creek  at  Lodestono  mountain  northward  across  the 
Tulameen  river  to  the  first  west  branch  of  Bear  crecic.     This  belt 
of  basic  rocks  is  peridotite,  having  a  flanking  border  of  pyroxenite. 
Prom  a  careful  study  of  the  geolog>-  of  the  .datinu..,,  made  in  1900, 
frof.  J.  F.  Kemp-  concluded  that  the  ori^-'nal  source  of  the  plati- 
num was  ,n   both  the  peridotite   an,l  the  pyroxenite,  and  that  the 
placers  were  derived  from  these  by  the  ordinary  processes  of  decom- 
position, erosion,   an.l   stream  concentration.     His  conclusions   were 
'.ased  on  both  the  distribution  of  the  placers,  and  the  occurence  of 
o.ivine,   chronute,    an<l    pyroxene-all    cnstituents    of    either    the 
peridotite  or  i.yroxenit.^with  the  platinum  in  the  nuggets      From 
knowledge,  moreover,  of  the  relation  of  pktin.r  ,  to  rocks  of  this 
character,  in  Russia  and  other  parts  of  the  world,  no  other  source 
than  that  ascribed  would  seem  possible.     Prof.  Kemp's  observafon» 
in  this  respect  have  been  corroborated  by  the  author,  who  concurs 
also  in  his  conclisions. 

In    testing    for    platinum   in   these  rocks.  Prof.  Kemp's  best 
results  were  obtained  from  the  iieridotite,  or  from  pyroxenite  dyk.> 
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m  l..T..lot.te;  and  par.in.larl.v  wl„.r.-  alterati,,,,  ha,l  taken  plare  f. 
serpentine  or  where  the  rock  was  rid,  in  ..hromit...  \,.  unii„r,„itv 
.n  the  r..s„lts,  however,  .-nnl.i  be  obtained,  and  in  .nans  ea.-s  where 
It  was  most  expected  no  platinum  eoui<l  be  Kot. 

With  a  view  to  Kettinfr  additional  infonnation,  samples  were 
collected  by  th..  author  an.l  were  assa.ve.i  for  platinum  by  Mr.  M  F 
(  onnor.  of  the  Mines  liraneh.  One  sa.nple  of  peridotite.  rich  in 
ehrcnte.  gave  0.02  of  an  o„n..e  .,f  platinum  to  the  ton  of  rock 
Two  san.ples  of  mapnetite.  frotn  the  pyroxenite  of  Olivine  moun- 
ta.n.  gave  no.hin...  A  sheare.l  .„ne  i„  pyro.xenite  containing  son.o 
chai<•op,vnfV^  and  a  course  papmatiti,.  dyk,.  „f  hornblen.iite  cutting: 
pyroxotiite,  also  pave  nothing. 

In  the  course  of  an  analysis  of  the  chromite  of  Olivine  moun- 
tain, in  which  the  dis.ovory  of  .liamonds  was  made,  Mr.  R.  A  \ 
Johnston  also  demonstrated  the  presence  of  platinum  in  an  amount 
approximating  2  ounces  to  tiie  ton.  These  combined  results  seem 
to  show  that,  of  the  two  rocks,  the  peridotite  is  the  more  frequent 
host  of  the  platinum,  while  the  pyroxenite  when  distant  from  any 
body  of  peridotite  contains  none. 

In  this  connexion  it  is  worthy  of  note  that  Prof.  Kemp'  also 
obtained  platinum  by  assay,  from  the  Eagle  granodiorite  at  Siwash 
creek,  at  a  point  where  the  rock  hud  been  greatly  sheared. 

I'ltOlil  LTIO.V. 

The  production  of  placer  gold  for  the  Tulameen  district  since 
1885  is  given  in  the  reports  of  the  Minister  of  Mines  for  British 
Columbia,  and  is  reproduced  in  condensed  form  in  the  table  given 
below. 

The  figures  bearing  on  the  total  production  of  platinum  are 
incomplete  and  details  are  difficult  to  obtain.  The  reports  of  the 
Minister  of  Mines  for  British  Columbia  contain  statistics  of  the 
value  of  the  platinum  produced  from  the  years  iMsT  up  to  1<K),5,  hut 
for  the  years  prior  and  subsequent  to  there  dates  no  data  are  given. 
It  is  known  that  during  the  first  two  years  of  mining  in  the  Tula- 
mtvn.  after  the  dis<'overy  of  Oranite  creek,  much  platinum  was 
saved  with  the  gold,  but  no  record  of  the  yield  is  obtainable,  and 
although   the  statistics   f„r   the  .vcars   following    100.5    contain    no 
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>etii   pliiiiiHiiii.  to   the 
i"n  (if  CliimuiKii  work- 


mention  of  iilntiiiiin:.  tin  uiiiir  |..|,  .;., 
amount  of  nbrjiit  l'"*  ..iinr,..,  in  d,,.  |„,„, 
niK  on  Tulniiiocii  river. 

-Miioli  of  Iho  j.hi.vr  II  iniiiL:  in  tlio  iiilaiii.'cii  iliHtrict  lias  lieon 
Jonr  l.y  Chinr-,..  ;in.|  ..nl.v  I'l.-o  ulio  Imvo  tri.'il  to  *vcn,o  informa- 
tion froi  th.-e  iiiiniT^  OHM  r.Mli/o  liou-  .JifH.'iilt  it  i*  to  obtain  reli- 
able (liita.  Xooi.„;irily.  ibcrofoi,.,  tlic  -tati-tics  of  iircluction  here 
?iviMi  arc  incoiiiploi.^  ,in.i  .loubll.--  .-rr  .^n  flio  .U\o  of  un.jpre^tima- 
tiun  <if  the  output. 

Some  conipilors  in  onlor  to  mnk.-  j, roper  allowance  for  the 
platinum  |iro.lu.-tioM  for  wbirh  Chinese  miners  are  responsible, 
actually  go  so  far  a-  to  .louble  in  their  estimates  the  returns  as 
published  in  the'  iiovernnient  rep,,rt^.  Thus,  Mr.  0.  F.  Law,  who 
has  had  a  wide  mining  experience  in  the  Tulameen  country,  and  in 
recent  years  has  purchased  almost  all  the  [.latiiuim  produced  in  this 
district,  estimates  the  total  output  at  about  -2l),i)00  ounces,  having 
obtained  vouchers  from  platinum  purchasers,  accounting  for  over 
half  of  this  estimated  yield,  while  the  biilaiiee  is  attributed  to  the 
production  of  Chinese  miners. 

In  the  followiufT  table  tlie  -old  projuetion  inchules  that  mined 
from  the  whole  of  Tulameen  river  both  inside  and  outside  the  area 
of  the  map-sheet.  This  increases  the  total  production  of  the  district 
by  a  small  amount,  because  there  were  two  localities  on  the  river, 
out-ide  the  limits  of  the  map.  at  which  placer  niiniuir  was  carrie.1 
on.  Both  the  value  and  th^  quiuitity  of  the  platinum  produced  are 
given;  the  former  is  tal<en  from  the  Hritish  Columbia  reports, 
while  the  latter  has  been  arrived  at  mostly  by  calculation  base.l  on 
the  average  prices  paid  for  the  metal  in  the  respective  years':— 
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1S85 

IWt)  .. 

1887 

1888 

1889 

1890  

189! 

1892..., 

1893 

1894 

1895 

1S9«  

1897 

1898 

1899 

1900 

1901 

I90:> 

1903 

1904 

1905 

1906 

1907 

I90S    

1909.  .■..■..'. 

Tolal. 


<.'.'.!. 


t 

lU.dOil 

118. (KIO 
Nil.UOO 

;ii,M(o 

17.7(10 
I7,S(I0 

lil.'y) 

9..5.W 

.i.iao 

41,fi.'iU 

n.ooo 

2.i..'i(«l 
7..WU 
tl.tJOO 
4.  SIX) 
4, two 
-',7(W 
J.  (WO 
J,.")(10 
1,140 
.',500 
1,000 
1,000 
1.000 

7J4.8(i0 


l''utiriiini. 


it.mt 

.■(,.'•00 

i..^i 

10.000 

■t.rm 
i.soo 

!»50 
.'i.soo 

7.50 
l.lilJO 
1.500 

s:'5 


457 
190 


4L'0 
500 


-'.fHJO 
1 .  50O 

I.  too 

:'.000 
"KK) 

.'57 
ItW 

laa 

Il'5 

■jm 

100 
137 


10 


.'0 
30 


45.892 


it.sm 


Til 
th,,..,. 

Pr 
liiucli    i\ 


MI.M.\(J. 

nii>ln,vf,l    in    pl:i, 


'l^u'cr    milium    in    this   di^ti-ii't    are 
!-acti.-k-,l   l,y  the   iii,iivi,l,i.il   ininrr  rvro  uln-rr. 
••1   miniiiK   in   tl,,-  Tnlan.,,,,   uus   n  .f   l,aeUl   by 
■'».i    Miner,    work,-,!   sini^ly,   „r    i„    ,,„„  „„ 

grou,„l  wlH.h  ,ni;,i,t  b.  ,lc«.l..,..,l  witliont  iar.,.  ...,,i,al  „ntlav  and 
whu.h  iTomiseJ  .,„ici<  rotur...  Tlio  .halL.v  Kar.  an,l  th,.  i;,i.  of 
tl.e  streams  nahiraliy  m-eiv,,!  li.s,  atte„,i„„.  an,|  later  the  benches 
ami  ..onie  of  the  deeper  .ravel-.  l!y  wi,l,.-,lanln,i„,.^  th,-  he.is  of  the 
stream,,  were  ma.le  aeees-ihl,..  whil...  i„  the  ,lee,,er  w„rkin=,.  ,lriftin- 
on  the  hed-roek  wa.  the  eonmion  n.ethed  employed  to  reaeh  the  pny 
Rn.veN.  Ihe  pay  ^^ravels  i„  (iranite  <Teek  r. -,e,i  direetlv  en  the 
-■lid  rn.-k.  and  were  in  a  hard  layer,  eompaetly  cemented  together 
I'Ut  whieh  dismteirrated  re.idily  on  wa.shin;:.  The  w.-ishinj:  opera- 
ti..n  was  done  either  in  a  roek.r  or  in  a  string:  uf  sluice  boxo.    l,v 


r-\  imai\'u::  Ji-  ."i 


144 


OEOIJXJK  Al,    sCRVflV,    CANADA 


which  iiic.m-   the  iilatiiuim   »M>    'oi Mtriitc.l   witli  the  irohl   in   the 

hlai'l<   -liiniU. 

Tiu-  i^arlifst  uttciiil't  at  h.vilrauliciiitf  im  (Inuiito  creek  wan 
that  mad,,  liv  U.  Sfcvci|.,,n  and  W.  K.  IIi.jfK  in  IMtl.  A  IIiimk'  J 
miles  in  h'nulh  was  iiHtuUci  mi  the  west  hank  uf  Oranitc  creek, 
mill  wiirk  ^tartetl  ..n  ilainw  l.vinu  alumt  tlir-'e-foiirths  of  u  mile  aUiv 
tho  mouth  of  the  cn^.k.  The  proniot.rs  of  tliis  Company  lr,5.'ain.- 
involved  in  litijrafion  with  tiie  owner-,  of  tfronnd  helow  them,  and 
were  forced  into  liquidation.  If  is  stated  that  the  court,  aetiiiK  us 
receivers,  secured  from  tlie  sluice  ho.xe^  aliout  $!)(K),  principally  ftold. 
Mr.  Mi^jr  afterwanii*  workeii  .i  small  pit  4  miles  li,.|,,w  th" 
mouth  of  (iranite  creek,  and  wa-hed  the  Rravels  from  an  old  high 
channel  of  Tulan:een  river.  This  venture  wu.s  continued  for  one 
season,  hut  in  the  followinpr  sprinj?  the  pit  fille<>  with  wash  from 
the  mountain  side  and  was  not  reopene«l. 

In  1S92  the  Tulamien  Improvement  Company  Ix'tran  operations 
on  a  bench  on  the  Tulameen  river  Ih  low  the  moutli  of  Kaitle  creek. 
A  suw-tnill  WU8  imiK)rt«l,  at  a  time  when  the  only  means  of  trans- 
port was  pack  liorses,  and  set  up  at  ;'ie  niouth  of  KaRle  creek.  A 
Hume  was  built  to  cnvey  water  from  Kafjlo  cnvk,  and  hyilnuilick- 
inR  operiitions  were  .arried  on  for  two  sea.sons,  under  the  direction 
of  Judge  Murphy.  Tin  proportion  of  gold  to  platinum  at  this 
point  was  about  one  to  two.  and  the  recovery  of  platinum  was  high; 
but  the  available  uround  was  limited,  and  the  results  obtained  did 
not  pay  for  the  cost  of  plant  and  nuinagemeiit. 

At  the  mouth  of  Slate  creek,  hydraulic  o|H,'rations  were  con- 
ducted for  a  short  time  by  Alexander  Swan,  on  a  high  bench  above 
Tulameen  river.  A  tlume  about  a  mile  mi  l-ngth  was  laid  up  Slate 
creek  nnd  the  water  turned  on  to  the  bendi.  The  bench  was  then 
found  to  consist  largely  of  boulder-clay,  and  the  only  payable 
portion  of  this  was  a  bed  of  stream  gravels  approximately  L»0  feet 
thick,  nearly  half-way  down,  between  two  deposits  of  boulder-clay. 
The  bmtlder-clay  was  so  stiff  and  compact  that  water  h;il  little 
effect  on  it.  and  the  pay  gravels  were  not  easily  readied;  conse- 
(piently  the  undertaking  »,i-   not   i;  success. 

Within  the  last  four  or  tive  years  placer  mining  operations 
have  l.cen  actively  carried  on  by  a  few  indivbluals  only.  Cbimvc 
have   worked   over  the   bed   of   the   Tulameen   river   in   the   portions 
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(  ••••".""-"•r-okH,      Tl,..   ....vi.x   ..„„.,.„■ f   „,..   ,,,.,,    ,,„^. 

7:r'' ;'"--"'"  - M.,.,v,.„.r,,,v.,iv,.ni,"„,  „:;: 

oM^...  water.  .^  w.„«..la„.,  fr ,.,,,,|,,  „f  „,..  ,„.,.,„   ,„  „,^ 

""'"      ";■•   '"•"■   :'""''^-  ■•^' ""»^   l-.v    fro,,.   ..r,.,.|.    i„    ,ho   l,..,i. 

ro.k   an.l   fr„„.   un-l.T  .u„l   „ro,.,„|   l,.r«,.  |,.,ul,l,.r.   ,■  •     |.   „,t-   l,.ft 
un.li9t„rbo(J  l.y  the  ...irlior  o,.,.rati„>,s. 

A   short  di.(u,i,'e  al,„v,_.  the  „,..„l|,   ,,f  ,'„•   \.,rtl,    F.„l<     ,,„   ,|„. 
n.».n    (iranito   .-rcvk,    .M„,r.,.    R.    A.    La„.l...r,    a,.,l    S„.wa,-,    l.avo 
bi'on   du.ng  tl,«   most   s..ri.,u.   ,.la,.,,r   ,   i.,inrf   in   tl„.   wl„Io  .listrl.t 
1 1.0  work  ot  ,,r..|ir,.inar.v  .l..v..|„,„.„.,„   :    .  ro,,,.ir..,l  tl,..  ti,„t.  of  livo 
■"....  lor  .l,r.v  s..„,„„.,  ,„„|  „..,  p„|,„  „,■  „,,„,,  ,,„i,.i„^  „f  „,^,  ^^^^^,^.,^ 
l>«s  not  ,vr.,  U.,.„  n.a,.h,.,|.     J,„„l,.,„  „„|  s.ewart  have  a  lea.o  of  IJ 
m.h>s   of    tho  ..r,...k   a.K,vo   the   \orth    Fork,   a   very   .„,all    ,vr.    of 
Wh.ch  had  k.e„  worked  previously.     The  ...Id  reeovre,!  f-,,,,,  ,|„,„ 
portions    wu.   very   ..onrse.    tho,.«h    the    hed-roek   wa-   o„lv    reaei,ed 
in  one  spot.    In  this  particidar  portion,  whi-h  wa.  o„|v   -oo  tV-t 
in  length,  the  yield  i,  said  to  have  heen  «1.2.X.  to  tho  length  of  a 
slu.eo  box.  where  the  pravel.  i„  the  .trcnm  bed  had  a  wi.lth  of   M 
or  ..0  feet.     The  yield   ineh.ded  n„ff«ets.   the  ,n,ld   value  of  whioh 
was    from    $100    ,o    $!:.();    the  plu.innm.   however,  wa.  fine.     The 
renm.nder  of  the  er.-k  bed  oovere,l  by  tho  lease  is  deep  .round  and 
could  not  be  bottot,.ed.     Lambert  and  Stewart  endeavoure,!  to  e.u 
down  the  be.1  of  the  >.trean.  in  the  lower  part  of  their  lease   in  order 
to  reach   bed-roek  and  reeover  the  gold  an.l  plufinu.u  Ivii.g  on 
Commencing   at   tho   lower  end   of   their  ground,   a   Hnm   was   o, 
structed    across    the    stream  bed.  while  600  feet  of  ■,  loard  flume 
earned  the  water  over  the  portion  of  tho  chann.l  wh.e..    t  was  pro- 
posed to  work  first.     The  large  Imuldors  and  ro.'k  in  the  lower  part 
were  blaste.l   away,  thus  enabling  the  removal,  by  groun.l-slui.  .ng. 
of    about    2.-,    feet    of  gravel,  which  before  forn.e.l  tho  bo.l  of  the 
stream.     Before  actual  washing  of  the  gravel  ha.l  b,.gun  the  dam 
and  flu.ne  were  partly  washe.l  away  by  a  freshet  an.l  have  not  yet 
been  replaced. 

A    company     recently    organized  in     Vancouver- the    British 

Col,„nbia    Platinum     Conipany-has  obtaincl     from     the     British 

Columbia  Government  three  leases  in  what  was  formerly  the  most 
10015-10 
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prudiictivf   phitiiniin   .lisirii-i.     ( )i t    tin -!■   I.hm-   cimt-   an   iiroii 

on  Shite  cr.-fk,  hmiI  llic  nilicis  (•..vcr  iinii-  i.n  'I'uliiiiiri-ii  river  aliove 
Slate  creek.  Tlie  Cuinpany  |ir.i|H.-e~  tir-t  t.p  |.r..-pecl  the  ;;r(ililid 
with  a  Keysldiie  ilrill.  ami  llieii  t.i  hiIik'  ii  hy  Lirniiii.l-lnieiiiL;  ..r  liy 
drifting  mh   iJie  heci-ruek. 

Oiamotids. 

CKMIIM.    Ilvri  l!i:-    AMI    IH^TIllllI    llnN. 

Alllumgh  iihicir  iiiiMini;  in  many  nf  the  striMiu^  ..1'  the  Tiila- 
nieeii    district    has    heeii    earried    mi    for    a    iniiiiher    uf    years,    the 

}ire>eiiee  ,,|'  (iianiiiiids   in   the  ;rravels   had    never  1 n  demmi-trale  I, 

and  e(>iise(|iipntly  it  \\..>   imt  sn-.| ted  that   they  weuld  he  disi',,vered 

in   any   of   the   r.i.-ks   fi i   whi.-h    the-e  j^ravels   have   Immh   d<>rivod. 

Fer  many  year-.  Imwever.  ..flicers  ef  tli,.  ( h-nh.pjeal  Survey.  workiiiR 
in  Uritisli  Cehiinhia.  iiave  h.'eii  .,11  the  l..ek..iil  fur  diamonds,  and 
lii've  wnrnod  iiro>|)eet,,rs  ef  the  p.i^^ihiiiiy  ,,f  tindiiiK  them  in  the 
plaeers.  Several  years  ajre  ih..  jire-ent  Direitur  ,<<  the  Survey  drew 
tlie  attention  „(  niiiu-rs  to  llie  neees>ity  of  oh-erving  ear.fnlly  tliose 
lilaeers  whieii  were  derivid  from  the  erosion  id'  sncli  ha-ie  roeks  as 
peridotitc  and  expressed  the  helief  that  iliamonds  niisht  oeeasion- 
ally  be  found  in  them.  The  results  ohtained  have  fully  .iu-tified 
that  heli.d'. 

In  (lie  eonrse  i<(  the  niapiiint;  and  e.xamination  of  the  hody  ot" 
peridotite  which  extends  frnin  Olivine  mountain  aero-s  tlie  Tula- 
nieen  valley  to  (irasshopper  mountain,  masses  cd'  elirumite  were 
observed  in  several  places  in  the  peridotite.  Hand  specimens  of  the 
chromite  enihe<Iiled  in  senH-ntinizeil  |)eridotite  were  hrouf-dit  in  and 
handed  to  Mr.  \{.  A.  A.  .lohnston.  niineralof;isf  to  the  Survey,  to 
determine  the  nature  of  the  ch'-omite.  In  the  cmirse  (,f  his  analysis 
Mr.  Joliiiston  ohtained  a  residual  product  from  fusion  which  proved 
on  examination  to  he  diamonds.  Further  tests  were  made  in  Xew 
York  by  Dr.  (i.  F.  Kunz,  who  conlirnied  the  diseover,v.  This  is  the 
first  re<-orded  discovery  of  diamomls  in  Canada,  that  the  Survey 
can  vouch  for. 

So  far  as  our  knowledKc  of  the  nccnrren<'e  yef  Roes.  the  dia- 
monds are  associated  with  the  chromite.  ami  are  not  found  in  other 
parts  of  the  rock  ina=s.  so  that  their  diMribuliun  de,.cn,ls  u,,,,,,  that 
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;"■;'"■'■'"■'""'"••     ■'■•-  '■l.'-'Mi.,.   it>.lf  ,1,,,.-   .„,   ,„,  „..r,.   i„   h,r.o. 

I""ll<>.»,    ilM.l    it-    ,|iv,,il„ltiu,|     i.    vrl.V    ,.,l-:llh'. 

'l-.i«i.    .lH.,r   ,|„.li,y    i.   ..x,.,.||,,„.      -I  l„.y    1,:,.,.    ,.r..v,.,|    v.rv   ,li,li , 

t..  .■x.n,,-,    l>,„„   ,i„.  r..,.k   ui,h,.,,    -l,.n..nn.-,  .,,.1   ,.v,.„   ,„•„.,.,..„,.,.. 

"""""■>•""•■"   '"-"^''^   "1.  in   , „„r-,.  ,.!•:,   t,u    l,„„r-  ,„■  ,h,v,   i„,„ 

"""■''   ^'"^'"-■'-    l>^'K"i<'Ml^.      For   .1,,..,.    n„.,.,„    ,h,.ir   v, i.    „,>t    a. 

yn..l   ;>,    ir    „,i^l,l    .,,,„,,,   ,„   |„,   , .^1,    ,1, ^^,.,.,,,,„^.    ._   ^^   ^_.^^^^ 

M-ii'iititii'  iiitcrr-t. 


11   I-  \vn    |.i-ol.,il,l,.  il|.,i,   ill   ,1|,.  ,.,, 
:iMV(.ls    ,,r    liii-,    ,ii. 
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>>'-'■  "I  iijii.'cr  milling-  ,,1'  ilio 
■ii-lii.t  .Iian.,„„|,s  Min.v  l,;,v,.  I,,.,.,,  „v..rKM.kc,l  i„„l 
'h'r:n.U:l  i„.,|  i,  „  |,k,.ly  ilK.t  will,  a  „„„■,.  ,.aivf„l  ex.„i;i,K„i, 
tlio  luluiv  ul  ilu.  ,•..,„.,.„, niu-s  ol.tiiiii,..!  in  «i,shi„g  ,„,  .„|,| 
I'^'tiiHuii.  >.„i.,.  Miii.v  1„.  .,l,Miii.-,|.  Tiio  ,ii„t,Ti;,l-  f„u,„U  i„  il."  ::r.,v 
i.ro  ,l..riv..Ml  t,„.n  tiio  <ulid  roi^ks  l,v  tl.o  .low  prooe-.  ,,1  miturai 
.-■■■usinn.  ami  the  slowness  of  this  actiu.i  wuiiM  t.'ii.l  to  ,,n-sorv,.  the 
|l.umon,ls  in  thoir  oiisiiiiil  >i.o  .„,1  iWiii,  .,  that  iliamoii.js  of  a 
ii'rgfr  si/,.  ,lu„,  hav,.  -o  fai-  heoii  .xtrai.to,!  f,-o,„  tli,.  r...k  may 
I'ossihly  ho  found  in  the  fjravoU. 

Th.-f  pla.vrs  aiv  valmihh.  for  ihoir  ^ol,|  aii,l  plaliniim  .■.,|,t,.nt, 
an.l  it  is  likoly  will  .•onliniu'  to  he  wnrked  for  those  Iir.Mhiot>  akaie; 
-o  that  while  plaeer  niiniiif;-  for  diamon.ls  ah.,,..  luiKht  not  he  a 
prolllahle  mulertakinj..  if  any  ,]..  o.v.ir  In  the  gravels  the  value  ..f 
the  s-oM   ami    pialinuii,    phi,-,.r>   will    he   .■,iriv-p„i„linply    iiorea-e.l. 


M  vniiv. 

'■''" ""^  "'■  ' ii^""""-l   i-  ^'  l.ori.h.,1,,.  „f  ,1„,  variolv  .lunite 

''    '"■"  "-^  •'"    '■    '•"^'^■''   i^;i"-ii-    <''"■!<    al t    .i   mil,.,    l.,„u-    ami 

a  inih.  wi,l,>.  bor,l,.r,Ml  on  all  si,!,.,  hy  pvroxen  ...  inl„  whl.h  the 
per„!,.t,te  pass,.s  hy  a  -ra,i,>al  oliange  i„  .-omposition.  r,„,  <,,„ 
rn...ks  are  of  the  -am,,  a^-,..  a.„l  hav,.  h,.,,,  thrust  thro„«h  roeks  of 
presnmahly  '!  rias-i,.  aiie  ,„„M->tin;.  of  voh-ani,.  materials  an,l  a  fr^^■ 
thill  lw<ls  ,,f  ai-fiillite  an, I  lim,.,t,rii,.. 

Over   a   trreat    par!    of    its   ;,,va    the    p.'ri,h,lit..   , ,ists   o.ilv   of 

•>livine.     Chromite   ,.nters   in    isolat,.,l   phnvs.   hut    ra.viv   o,.,.upie3   a 

more  prominent   position   than   that   of   an   a, >sory   istituent   in 

tlic   ro,.k-.      It    then    app,.ars    ,.|tli,.r   sparint'ly   ,liss,.,„i,iate.l    through 
MHIIf.     KM 
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the  peridotite  or  as  segregations  in  short  veins  or  bunches.  These 
segregations  are  rarely  more  than  an  inch  in  width  and  a  few  inches 
in  length.  It  is  not  evident  that  they  are  confined  to  any  particular 
part  of  the  peridotite  mass,  though  in  many  other  peridotite  bodies 
such  segregations  of  chromite  have  been  found  to  be  situated  nearer 
the  borders  of  the  body  than  in  its  central  parts.  Magnetite  occurs 
more  sparingly  than  chromite. 

Virtually  all  the  samples  of  peridotite  collected  from  this  body 
show  signs  of  alteration  to  serpentine.  The  freshest  samples  when 
seen  under  the  microscope  show  cores  of  olivine  separated  by  small 
veins  of  serpentine.  In  the  extreme  cases  no  olivine  remains,  and 
there  is  left  only  a  dense  mat  of  serpentine  fibres. 

The  peridotite  has  the  form  of  a  stock  elongated  in  a  general 
north  and  south  direction,  and  is  cut  through  almost  in  the  middle 
by  Tulameen  river,  which  exposes  a  section  of  it  about  3,000  feet 
in  height.  In  structure  it  is  massive  and  shows  little  evidence  of 
having  been  disturbed  by  dynamic  movement.  It  is  not  brecciated 
and  only  to  a  limited  extent  sheared.  It  does  not  break  down  easily, 
and  when  it  does  it  forms  a  talus  of  small  flat  chips.  Surface 
decomposition  generally  only  extends  for  about  an  inch  in  depth, 
and  in  weathering,  rounded  or  spherical  shapes  are  developed. 

Two  chemical  analyses  of  the  Tulameen  rock  are  given  below, 
showing  different  stages  of  alteration  to  serpentine.  For  the 
purpose  of  comparison  the  analyses  of  three  other  diamond  bearing 
rocks  are  also  given: — 
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Tulameen  pcridotite 
No.  1. 


,    Ark.'insiuj 
No.  2.      i  peridotite, 


SiOj 

AIjOj 

FcjOi 

Fe<» 

MgO 

CaO... 

MnO 

KiO+  NatO. 

H,0+ 

HiO- 

COj 

TiO. 

P.Oi 

S 

Cr-Oa 

NiO 

V.O. 


33-48 
IM 
7-27 
1-36 

42  02 
0  02 
006 
0-29 
0  60 

13-26 


Kiniberliy  i  New 

(i)    South  Wales 
blue        I  (,) 

ground,     j    hornblende 
diaha.'M'. 


3S-40 
0-29 
3-42 
6-69 

45-23  I 
0  35  ! 
0-24  ! 
O'OS 
0-24 
4-11 
110 


38-78 
6-85 
S-83 
1-99 

26-34 
3-88 


39  7,32 
2-309 


9-69 
24-419 
10-162  I 


trace 
0-06 
0  07 
0  10 


3 -.34 
1-05 
7-85 
0  14 
0-89 


■I 


7.547 
6.556 


50-43 
14-72 
2-90 
4-59 
6-67 
713 
0-03 
3  70 
3  49 
3-82 
1-67 
0-82 
0-22 
0-01 
0  02 


003 


100-38  I 


100-84 


100-415 


100-25 


(i)  U.S.G.S.    Bull.  No.  193. 
(j)  Geol.  Surv.  of  Arkansas,  1890,  Vol.  II,  p.  377 
;';  '^''^''.'ous. Stones  by  Bauer  and  Spencer,  p.  190. 
(4)  British  Assoc,  for  Adv.  of  Sci.,  1906,  p.  562. 

The  matrix  of  the  Tulameen  diamoij.ls  is  similar  to  that  in 
which  diamoRtls  have  been  found  in  Pike  county,  Arkansas,  and 
from  which  up  to  July,  liKJO,  over  700  commercial  diamonds  had 
been  recovered.  This  rock  is  described  as  a  peridotite  occurring 
in  a  stock  covering  about  CO  acres  and  thrust  through  Carbon- 
iferous sandstones  and  quartzites.' 

The  l.'mlierlite  of  South  Africa  is  also  a  related  ro.-k.  an<l  its 
occurrence  in  pipes  indicates  a  similar  origin  to  that  of  the  Tula- 
meen peridotite.  The  main  difference  between  the  Tulameen  rock 
and  both  tlie  Arkansas  and  the  South  African  matrices  is  in  the 
degree  of  alteration  and  decomposition  that  has  taken  place,  a 
decoa:pnsition  which  in  the  Tulameen  rock  extends  only  to  the 
degree  of  an  inch  or  two,  but  in  the  other  rocks  to  many  feet. 

The  most  common  nuifrix  of  the  diamond  appears  then  to  be  a 
rock  of  extreme  basic  composition.  There  is,  however,  an  instance, 
recorded  by  Prof.   T.   W.   E.   David,'  of  diamonds   occurring  in    a' 


1  Economic  Geology,  Vol.  Ill,  p.  525.  1908. 

2  British  Association  for  the  Adv.  of  .Sci.:  1906,  p.  562. 
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aliglitl.v  MM. If  arid  rck.  This  rock  is  ,Usci-il„.,l  ,is  a  honibleiule 
.li:.l.ii-.i>.  oi-currintr  ns  ii  dyke  c-iitiiiiir  jininit.'.  at  Oakc.v  rrwk.  \..vv 
So  fli  Wales,  the  (litiniomls  liaviiij?  Imimi  l'niiii<l  cmlieiWod  in  tli,- 
ri  ick. 

Til,-  Tiih.ineen  oo.Miriv.ic-e  is  one  ..f  only  two  instances  in  wl.icii 
cliiinioii.ls  liavo  Loon  fonnd  in  the  orif,'iMnl  matrix  on  the  North 
Aireri.an  continpnt.  the  Arkansas  oc-urr.'U,;-  l,,.),,-  the  other. 

ASSOCIATION    AMI    Mo|)K    ol     0(  i  I  HI(r.V(  |:. 

Ill  tlie  course  of  eheniicul  analysis  ,,f  the  -ainplf  siibniitte<l  to 
liin),  Mr.  Johnston  found  that  the  (liainun.js  were  iissoeiated  with 
the  ehroniile  rather  than  with  the  serpeutiue.  A  small  piece  of 
ehromite  was  taken  and  ttromi.l  in  a  nmrtar  and  then  ,-eparatcd  into 
two  iiarts— a  magnetic  and  a  non-nuifrnetic  part.  The  magneti<> 
portion  wa,  f,  -nd  f,,  contain  ab..nt  t!  per  .cut  of  diamon.ls,  while 
the  non-magnetic  part  carried  about  :!  per  .vut.  Platinum  and  a 
smaller  .(uantity  ..t  g„l,J  v ,  -e  al^o  found  to  U-  a-oeiatcl  with  the 
<hroniitc. 

If  It  is  tr\ie  fliKt  the  diamond-  .>nly  ,„.,-ur  witii  the  ciiromit.-. 
Ihc  ,, uantity  of  diamond  in  the  ro,.k  will  dep,.nd  on  the  amount  of 
eliroiuite   present.      As    the   di-eovrry    of   diauiou.ls   was    only    made 

■'"'■'■  '1'^ mpletion   ,,f  li,.|<l   work   iu   the  Tu'aniecn   disfrii-t.   it   :    - 

not  been  determined,  except  in  a  p'ucral  way,  what  |u-o|M,rtiou  ot 
<-hrounte    thcie    is     to    olivine    in    the   ],ei-i,l,,iite.      Finin   a   general 

survey  ..f  tiie  peridotitc   iu  th,.  Held  and  a v  preei„.  exau.iuatiou 

of  the  thin  sections,  tlie  coiMdu-ion  was  drawn  that  the  .•hromite 
forms  a  v.Ty  small  proportion  of  the  rook,  and  exoept  where  >e,i?re- 
^'ations  occur,  is  almost  a  ne-liiriblo  .puiutiiy.  The  se^'regations 
are  either  bunches  or  short  irrcgidar  vein-  formed  at  the  time  of 
intru-ion  ,,f  the  n.ek.  The  veins  vary  iu  wMth  from  .n.TC  thread- 
up  to  thiekm-ses  of  one  inch,  they  are  not  .•.■utinuou,  in  length  for 
nion-  than  a  few  inches,  and  branch  out  int..  a  n.imbcr  of  smaller 
interhickiiig  veinlets.  The  walls  are  irregular  ami  arc  not  always 
(•lean  cut.  Hoth  the  veins  and  th<.  ro.-k  are  tiMv.r-ed  by  small  line- 
of  di-loeation. 

The  presence  of  platinum  in  the  ehr.iuite  segregations  had 
previously  been  dtitermimxl  by  as>ay.  when  i>i^-jt  oun.-cs  of  idatinum 
to  the  ton   were  obtaim-d.     It  was  also  identiH...!   under  the  micro- 


I'r  MK   Wl 


.M.cr..|,  ...  „,-,a|,|,  ,l„,«„,s  ,wn-.t.  .  ,„   ,1,,, n.l  oM-tai-  ,„ 

'■;"""''■''   :""^'^    ""'""    tl'"    "I. It-  nid..s   ..-...■,:,t...]    u„l, 
.  I.n.ii.it.-  Ill  a  l,a>.  .,1  M  i|„.ni,n.      Matrmii,  ,|  ■_.-  ,1,  ,„„  ,,.,, 


loin:. 


^iJtm^m/aBaMf^i  •~>«c>. 


t  I 


^'-^f.  r.aj>3i:i.«j 


fi.vn   Wll. 


^^     /   ^^> 


.Mur.i|.l,i,t..(,'riii.li  illnstr;iiiii(f  ilic,,  curri'iic-  ..r.li^i 
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si'npo  ill  til.'  |iriM|ii.-t  il.iivfl  l.\  lii-i(.ii  iicm  ih,-  ilirMinii,..  In  the 
Iiittur  ru-i|.  n  miiintit.v  iniKiiiiitiiii;  tn  nliiiu^t  •-'  (■hi.ci-.  t..  llic  t'ni  was 
oi'tuiiivil.     A  siiiiilliT  (iiiiiiitity  of  pilil  wiia  iil-n  tuuiiil  h>  !■<•  present. 

.MIm:ii\I.ii(;\. 

A  taivlui  t'Xiiini.uitioi,  ol  i|,,.  |HTiilutitu  with  a  IimiiiI  leiij  lias 
iiiit  yet  rt"<iilte<l  in  tlif  iilciititii-iitio-i  of  any  iliainou'ls  in  it.  The 
first  results  were  oliiaine.l  l.y  Mr.  JohnstuM  l>y  fusion  in  a  crucible. 
SiiK-u  then  a  sample  ,,f  ihruiiiite  from  tlio  sume  hand  speeimen 
wiiieh  yiel<le.i  the  .iiaii  oii<U  wa-  taken  a-i.]  thin  sections  cut  from 
it.  In  at  lea-t  four  of  the  thin  sections  iliauioiuis  ooiiM  he  ideiiti- 
Heil   under  tli(>  inieroseope. 

TIiPjC  thill  sei-tioiis  .|i..u  mas-ive  opaipie  chroniite.  traversed  by 
narrow  veinlets  of  serpentine  associated  with  short  Hhres  of  iiorii- 
hleiule.     The  iliainonds  occur  as  a  rule  in  the  narrow  veinlets. 

Jn  KClieral  appearance  the  liianioiids  are  brownish  to  yelh^wish 
in  lolour,  partly  or  wholly  n|.a(|iic.  and  have  a  splicrical  or  .piite 
irregular  outline.  Thry  frecpiently,  though  not  always,  abut  ajrainst 
the  ehroiuite.  They  have  a  liitrli  r'liiM'  and  are  Ketierally  isotropic. 
Some  show  optii'al  anomalies.  In  retlcctcd  lifrht  they  give  a  brilliani 
display  of  colours,  wlii<di  eoiiie  from  a  niimbir  of  snuill  points  in 
the  material.  Kxaniined  under  the  IukIi  power  the  brownish  areas 
of  diaii;o!i(ls  are  seen  to  he  Hot  <\nK\o  individual-,  hut  to  be  small 
(lustdike  particles  jirouipetl  toiretlier  in  .■in>:rcKal<'s.  It  i-  the  group- 
iiiK  of  these  sill. ill  particle-  toyrether  in  asr(.-reirale>  that  gives  the 
great  variety  of  colours  in  rellecte<l  light.  These  atrgregates  are 
more  properly  eallcil  hort. 

Ilesides  tlie-e  aggregates  small  oetahedra  are  («casionally  seen 
a>siu'iated  with  the  chroiuitc.  These  are  clear  and  brig  lit  in  trans- 
mitted light,  have  a  high  relief  and  are  idioiuorpbic  towards  the 
ehroiuite.  Tlu-ir  outline  is  sharp,  and  thi-y  liavc  undoubtedly 
erystallizeil  before  the  chvomite  with  which  they  are  assoeiatcil. 
Th 'y  are  traiisluceut.  and  in  retleeteil  light  uivc  a  strong  play  of 
eidours.  Uetweeii  eros-ed  nicols  they  are  ipiiti'  opaque,  and.  there- 
fore,  i>otropie. 

The  product  olitained  by  .Mr.  .Iidinstou  from  fusion  shows  the 
two  varieties  .already  described,  one  being  a  yellowish  massive  sub- 
stance,  and    the  other   small,   well   crystallizecl    imlividuals   of   appar- 
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eritly  gnut  purity.  Ott.iln'ilral  forma  are  very  coniir.on,  with  tharp 
outlines  iinii  ilean  cut  fiiiin.  Many  of  them  show  gtriations  on  the 
octahedral  faces,  anil  twins  are  common.  I'n.lcr  a  very  higii  power 
the  small  individunls  are  -lecn  to  hold  incluaiong,  either  liquid  or 
gaseous. 

The  '  gest  indivi.luais  so  far  obtained  l.y  Mr.  Johnuton  are 
about  the  size  of  an  onlitiary  pin's  head,  but  in  a  great  many  cases 
these  individuals  break  up  on  bcinp  relea-tcd  from  tlic  rock  into 
smaller  particles  which  are  rurdy  more  than  three-tenths  of  a  milli- 
metre in  the  hmg  diameter.  This  shattering  happens  often  within 
an  hour  or  two,  and  is  ipiite  noticeable  in^-ide  of  a  week.  It  '•» 
|irobabIe  that  the  breaking  \ip  may  be  duo  to  inclusions. 


GKNKSIS. 

Much  of  the  evidence  on  which  to  base  conclu^*ions  on  the 
genesis  of  these  diamonds  has  already  been  stated.  J'or  the  sake 
of  clearness  a  recapitulation  of  this  is  given  hen',  together  with 
certain  other  points  which  have  not  heretofore  been  mentioned. 

In  the  tirst  place  there  can  be  no  doubt  o'  the  Igneous  origin 
of  the  rock  which  forms  the  matrix  of  the  diamonds.  In  this  rock 
the  diamonds  are  associated  with  the  chroniite  in  such  a  way  that 
they  are  evidently  both  primary  constituents  of  it.  The  thin  sec- 
tions show  these  .  o  minerals  to  be  very  often  in  contact  with  each 
other,  and  where  crystalline  individuals  of  diamond  were  identified, 
they  were  !•.  .•  to  have  distinct  cr>stallographic  outlines  and  to  Im- 
idiomorphic  towards  the  chromitc,  showing  that  in  crystallizing  the 
diamond  formed  first,  and  the  chroniite  has  to  adjust  itself  to  the 
shape  of  the  diamond.  There  is  no  evidence  to  show  that  the 
diamonds  were  introduced  later  than  the  chroniite;  and  the  chro- 
mite  in  such  cases  is  generally  considered  by  all  geologists  to  be  of 
magmatic  origin.  A  few  investigators  believe  that  under  certain 
circun.stanees  and  to  a  limited  extent,  chromitc  migrates  in  solu- 
tion, but  in  such  cases  the  conditions  of  occurrence  are  different. 
If  then  the  chroniite  is  an  original  constituent  and  a  segregation 
from  a  cooling  magma,  the  diamonds  must  have  originated  in  the 
same  way. 

The  matrix  of  the  diamonds    is    intrusive    through    a  seriw    of 
rocka  which  contain  little  or  no  carbonaceous  n-  '   >v  and  are  in 
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fact  larKely  vok-uiiic  in  i.riKin,  *.,  that  tliu  oarlxm  i-ouhi  ii'.t  have 
been  derived  from  llieni.  In  faet  liie  only  •■urhonnceoiw  rocks  in 
the  district  are  of  Tcrtiurj  a«o,  and  were  not  fornie<l  $.t  the  time 
of  the  intrusion  of  th.j  diamond  lieuriiiK  rui'k.  'J'lie  pre»ent  owur- 
reneo  of  diuiriond.s,  tlier.  Ion-,  in  no  way  suppo  he  theory  of  an 
organie  orisin  for  the  carlMiii  neci --ary  to  form  the  diamonds.  It 
i«  more  i -ohable  that  the  carlion  ixisted  in  .soiiii'  form  or  other  as 
an  original  constituent  of  the  |MTii|o(itc  nuit^nui,  and  ..n  -olidifyini; 
irystalii/.i'd  out  n^  diniMoinl. 

Platinum. 

For  tlie  last  ten  years  a  few  jirospeetors  in  tiie  I  ulaiiaen  district 
havo  bwn  devoting  their  energies  to  the  search  for  the  original 
source  in  the  solid  rock  of  the  platinum  of  the  placers,  on  the 
chance  that  wh  i  found  it  might  provo  protiiable  to  mine  Uie  rock 
».s  au  ore  of  platinum.  Although  it  is  iow  detlnitely  known  what 
the  original  source  of  tie  platinum  is,  it  still  reuiai.H  tu  be  demon- 
strated whutner  or  not  the  platinum  occurs  in  such  .luantity  in  the 
rock  as  to  m-ki  its  extraction  commercially  possible.  From  our 
i>reient  knowledge  of  the  condili.,n»  of  occurence  it  <loes  not  seem 
likely  that  the  n;ining  of  platinum  from  the  soli. I  rock  of  this  region 
will  ever  be  i...dertaken. 

A  careful  and  detailed  examination  of  this  tid.l  was  made  bv 
I'rof.  .1.  F.  Kemp  in  the  >casoM  of  IIHJO,  with  the  special  object  of 
studying  the  geology  of  the  platinum.  His  results  are  eontaine.1  in 
a  bulletin  of  the  I'nited  Slates  Geological  Survey,'  which  is  yet  the 
most  complete  work  on  the  subject.  Prof.  K.'mp's  conclusion  as 
to  the  source  of  the  platinum  of  the  placers  is  that  it  was  .icrived 
from  the  belt  of  peridotitc  and  pymxenite  which  stretches  across 
the  country  from  J..)destone  mountain  to  (irassliopper  mountain. 
This  conclusion  was  based  on  the  distribution  of  the  placers,  the 
association  of  minerals  in  the  platinum  nuggets,  and  on  chemical 
analyses  of  many  samples  of  these  two  rocks. 

In  testing  for  platinum  Prof.  Kemp's  best  results  were  obtained 
from  the  peridotitc,  or  'rem  pyro.venite  dykes  in  the  perid..titc; 
and  particularly  where  alirration  had  taken  place  to  serpentine  or 
where  the  rock  was  rich   in  chromito.     Assays  of  serpentine  veins 
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ill   I"  rpli'lilc  vii'l.l.il   |.|,iii \:ir>iiii/   ill   ,1 jii,  fri.in  m   Irnrc  up 

I.,  nnirl.v  -J  I. nil..--  In  ill.'  I. .11,  l.nt  it  »ii.  f,.uii,|  tliii;  llir  .li-tribiilioti 
I't  llii-  plntiiiiiiii  ill  till-.'  I.  ill-  «ii,  II,. I  .utii.  l..|ill>  .'\.'ii  I..  jiHfify 
.  \|i|..ilii'i.i|i.  M;.".-  .,|  ilir..iiiil.'  ill-..  tfiiM'  ;z.....|  r.-ull^.  wlij.'li 
Miricl  11)1  t..  Iiiilt'  nil  ...III..'  I,,  ill,,  t,.,,.  Hut  li,  I,  nvr.iiii  llii.  ili-.|rll.ii- 
ti..|i    .viis  vir.v   iiiu'V.ii.      N..  |ilatiiiiiiii   ...iiM   ]»■  il..|f,i.-.|   In   tin'   r."-k 

il-.ll    .If    ill    ...11 trull-,   i.f    it   ..litiiiii.il    I..V    imiiiiiiiK.   ...    lliiit    Ki-iiip 

ri.ii.'lii.liil  tliiil  l'  ■  (.hiliiiiiii:  wn.  in  \.rv  tin.-  -.iil.-i  ii;i.|  lliiit  JiirtJO 
iiiiV»fi't-i   wiTi    liiri'. 

Tlir    iiiitl...r'-    ..\Mi     «..rk     iil..ii«     llii-    li rri.l...nil..l     I'ruf. 

K.  ■'-  S.MTiil  -iiiii|i|..,  1.1"  ..■li..-t,.i|  |„irl.  I.f  Im.iIi  til.'  |..\r..x.'iili(.' 
'"'•  iH'riilotit.'    vv.T..    Ink. 'II    nil. I    ni.iiy.-.l.    ,i.    w.'ll    u.    n    niiinU'r 

tri.iii   |..r   '  til'.,  ill  wliii'li  pliitiiiiiiii  wji»  -tiilcil  l.v  ).i...| ii.r-  t..  Imvi- 

Im'.ii    iihliiiii.'il     l,,v     ii>.;iv.        I'lii'   Im-I    rt-iiill^    iiii.i    ill    lii.l    till'   (.Illy 

rniilt.    ui'i'i.   ..Iiiiiiii.'.l    |"i iiiiH.i':.    (it'   .■liroiiiilf    ill    tin-    pcri.l.ititt'. 

OlIi.T  liH'iilitii's  ill  till'  p.vri.xi'iiit..  nt  wlii.-li  <.>iiif  «li'V..ii.piii.'iit  wi.ik 
«:i.  I..'iiifr  i|..ii..  yii.|.|i'.|  II. I  pliiiiniiiii  w  liiiti-viT.  iIi.hikIi  it  wih  stuti'il 
t'.  I.i-  pri'M'iit   itinl   |i.  liiiM'  Im'.'ii  i.jitiiiii.'ij   l.v  .'.'rliiiii  iHsiiycrn. 

A  .niiipit-  ..I'  .'lin.iiiiti'  rr..iii  :i  iiiiiii'i'iil  .'liiiiii  ..wiumI  j.y  T.  U','. 
"II  till'  ii..rtliw.'sl  h|i.|h.  ,,f  Oliviiu'  iiii.iintiiiii,  vvji.  i..xiiiiijn,t|  j.y  Mr.  I!. 
A.  A.  .Ii.liii-t..ii,  ..f  til.'  Siii'v.y,  iiii.j  loiiii.l  1..  .•..iitaiii  .liaiii..ii.l-. 
A<i.iiialii,  with  til.'  iliaiiii.iiil-.  «a.  pliitiiiiiiii  ii,  an  iiiiiniint  appri.xi- 
iiialiiit'  -J  i.iiiii'i-  f,.  ill,'  ti.ii  I.f  r...k.  Wli.n  .'xaiiiitn'ij  iii,,l,.r  tin. 
iiiiir.-ii'i"  ill.'  plaliiiiiii:  \va.  ■■I'i'ii  til  I.I'  ill  iliiii  I'l.iijrh.'ii.'.l  .rales  i.r 
-ii:a!l  *pi,ii;;.  !  k.'  ma---.'-  ..f  -ilviT-wliit.'  I'l.li.iir.  ."C.  cry.iHlliin' 
f..riii  wa-;  apj'ai'.i :'.  I.iit  ..ii  ili.'  ..tiici'  jiaml  tin-  .'.!«.■.  ..f  fh,-  ffrniiH 
wi'i','  very  iri'.'Kiii.r  ami  llicir  i,i',.ji'i'tiii>.  p,.iiiN  nuiii.l.'.l.  Tlio 
^'.'iii'i-al  ai'i.i'ai'aiii'i'  ;.  '  l,.riii  \\;rv  ..ft.'ii  .iiiiilar  tn  the  imtiv.?  sihcT 
of  till-  (  ..halt  ri'jrii.ii.  Im  tin.  ,a.i'  ajfaiii  tin-  .li.|iil,iiti.,ii  .,f  th,. 
I.hitiiiiim  was  iiiicv.'ii.  fm-  no  ri'siilt.  wcri'  ..htaiiii'il  fn.in  aiialy-.'s 
I.f  ..till  r  |.ai't.  .if  till'   .anil'     iiinl  spoi'iiii.'ii. 

Till'  I'l. Ill-Ill. i,, 11  ilrawii,  ili,i',f,,ri>.  with  ri'^iinl  |..  the  tin.liii};  ,,f 
pliitiliiiiii  ill  th...-..'  n.i'k.  ill  .iitii- ii'iit  ipiaiitily  to  mill.'  i.  that  the 
I'hiiiir.  s  I.f  ill. inn  .1.  ai'.'  .mall.  (  ..iihincl  with  th.'  tVatiiri's  alreaiiy 
I'liiiiiii'int.'il.  th.'..'  I'haiii'i'^  ari'  fiiilliiT  liiiiitiHl  liy  the  I'xp.'iis..  of 
ihoi-.m^rhly  testing  th.'  r-.i-k.  ami  tli.-  ilitfiiiilty  of  f'ttiii^'  r.>lial>l.> 
piatiiiiiiii  iis-ay.  iiiad.'. 

I  liii'i'  ari'   vi'iy   I.  w    iii-laiiii'.   in    which   piatiiiiiiii    i.  ohtiiiiii^fl   in 


II    I    \  M  M    \     |i|»  I  l,-|i    I  .    \i.    I  . 


i: 


c'Miiii.i.  f.'iiil    M":"ilil.v    II-..11I    III.     ...||.|    r-l..    111.  I    il,.-..     .,r,     i|.,i;il|y 

'■•'•••'      111      »lll''ll      pliirilHIln      |.      11,    I      til.       llllliKirv       II, ill, T.!!      ..HIulK.  Il, 

riiiiii.1,1  i(  1-  ,.l,tiiiii..|  ,,,  :,  ..•.  ..i|.|,irv  |.r,Hlu  .  ,1,  i|„.  ri.  ii.ii.i:  .,i 
111.     hi.-ImI  .,.|.|,.r   ..r.-.   ..|    il,.     ^  ,.|l,iir.v   .|i.tri.-(.    an.j     il     lui.     I..tii 

iI.-tiImmI   \,^,    |{.    \V.    l!r...l,   ,1 iiriiii:.'    in   „ii    m  '  ti,.wi.    |,,rin    m   „ 

K"l'l   livarinif  i|iiiiti/.   \.iii   ,ii    ItnMH    |,ii,ii,.   |„..,r  C.  .yrll,   li.r; 

riic  11. -I  ii..|,il.|i'  ...■.■iirivii.v  ,,1'  |ihii|i,iiiii  ill  ilif  ,,|i,|  r.M-k  ill 
AiiKTii'H  i-  tliiit  ,11  ih..  K,i:,il,;,  r  Mill,,'  III  W  v,,ii,iiiK.  «li,r,.  ii  i„iiir> 
n«  llic  .TMhiilr  „|..  rrylii''  ii'  njiiM'iiitii.ii  wild  ,i  Miriitv  i,f  iuppir 
'•■•Mir.  lll„l-     li,.l:ll,|v     ,-,.>.  nil..        Tllr     1-.,',.>,T.V     ,,|     lllf    liilltillllMI     fr,.in 

111--,    ,.r.-  Iiii.  Ik. 11  ilii'  -iil.j.Mi  ,,f  ,iii,|y   l,,r  „  l,,,^  tim...  „„.|  i! „|, 

imiii.v  .l.iiiil.  1. 1'  trciiliii.iii  iir..  <iill  i,,  I,..  ..ii!..!.  iji..  r.^ult-,  >,,  fur 
.il.tiiiii.'.l   liiiM'  Ufi,    liiulilv    -iiti-l.i,t,.iy. 

^ •  ''"I"'  iiiinini.'  "I   |.liiiii,i,i,i  II,,,  I,.... II  .|,,|„,  „t   ||„,   K,.y  \V,..t 

iiiiii,    111  t'liirli  .•..iiril.v,  \.. Ml. 1,1,  wli.T..  111.    pliitiiiiiiii  (.-.■iirt  in  p.ri- 

i|,,|it,'  .|yk|.»   wlii,'li   .III   ifii,-i— .■,       'I'll,.  ,\\U,..  viir.v    in    wi.ltli    |i- |ii 

I.,  .'•'i  lii't  1111,1  ,-iirrv  pliiiiiiiitii  ill  ,111  mil, .111,1  ,,t'  ii.:,",  .,('  „,,  ,,i,||,-,.  (., 
''„•  I. .11.  S..I1I,.  ,,ri.  Iiii-  I,.. 11  -liipp.,|  ||..iii  tlii-  mill...  I. Ill  ill,,  r.-nll^ 
<,t'   tl-iiitli.'Ml    lire   n,.t   klinvii. 

'I'll.,  in-tiiii,'.-  .'iL-.l  ..t  pliiiiniiiii  in  il,,.  ...||,|  ,-,.,-k  .j.i^l'y  lii.. 
^I'.inh  liiiil  liii-  l,..,'n  .111,1  i,  l.,iiii{  111,1,1..  r,.r  pi,iiiiniiii  in  w.irl.iil.l,. 
epiaiitily  in  lli..  -.  ii.l  i-n-k-  ,.f  lli.'  Tiiliiiii  •.n  ili-lri.t.  un.l  -ii',;;;.-' 
til, It  tli.r..  i^  y.'l  a  p,,— i'nility  llial  ^n.'li  an  ...•.•urr.'iif..  iii;iy  l„.  f.mn.i 
'I'll.  a.K.iii..ii|..'  pri,-..  ,11'  pKiliiiiini.  I.„.,  iii.Ti'a-..^  tli,.  ,  lian,-.-,,  f,.r 
til.'  liiuliiT  till.  |,ri,-,.  ill,.  |,.\v,r  tlic  L'la.li'  ,.t'  ili..  r.i-k  tli:H  ,-aii  I.. 
iiiiii.',l. 

Gold  Deposits. 

l'r,.l,alily  tlw  in,, -I  iiMp..ri.iiil  nriiiiary  j;,.|,l  iM'aiiny  ,i,p..-i(-  ,,i' 
tilt"   ,li,tri('f    ari'    llin^c    wliii'li    ,ariy    ,',,pp..r   an. I    oihi'i-    iiiiii.-raU    in 

ii,-.M-iatiiiii.      Tlii'^i.   will    lie   .1 rili.HJ    ninlrr   a    >iili,..(iii..nt    ilea. liny. 

'rii.-r.'   ar.-,   Ii,,w.-\..r.   -..nn-   .|..pi,.it>   wlii.-li   .■..ni.iin   ;.',>l,l   a-    tiic  ..iily 

valnaM..    iii..|al.      'I'Ik.-) .'iir    .i~    .piart/    mmii      .•:iri-yiiiy    j.'..].!    in    a 

fri'.'  Miilliiiir  ,tati'.  aii'l  Ikim'  1.<,.|i  iiiiii-"!  t..  .i  limitcil  ,\l..|it  t,:r  lliat 
metal   almu'. 

Tilt'  iii,i-f  iriipurfaiit  L',.l'i  liciiiiisr  .piart/.  M-iii-  ar,>  -ilnal.-.l  ..n 
till'  .■a-.t.'i'ii  si.lc  .if  (iraiiit,.  ,  i k.  al.,,iit  half  a  'nil,-  ImL.iv  tli..   N',.rlli 
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hulk.  Siiiiihir  vi-iiis  ari'  r<'ix)rlc<l  ti)  liiivi-  hcfii  I'lninil  higluT  up 
Oriinite  crt'ek,  on  tlie  divide  bctwein  this  stream  imd  Ninemile 
creek.  At  both  loeiilities  tiie  iiuarl/.  veins  cut  the  green  schistose 
voK'iinie  rocks  of  tlie  Tuhinieen  Kroiip. 

Tile  widtli  of  tile  veins  varies  frnni  a  few  inchi"8  np  to  5  fettt. 
■Jhis  width,  however,  is  not  iinil'onn,  and  the  hodies  of  quartz  would 
be  more  properly  termed  K'nses.  The  (piartz  is  white  or  glassy  and 
is  only  slifihtly  mineralized  with  pyrile.  The  gold  in  it  is  free,  and 
can  easily  be  delected  in  small  spei'ks  scattered  through  the  quartz 
gangue. 

Estimates  of  the  value  of  these  veins  vary  because  the  gold  is 
not  evenly  distributed  throughout  tlieui.  It  is  stated  that  one  small 
vein  on  (irnnitc  creek  averaged  about  $1-'  to  the  ton  for  a  consider- 
able distance. 

A  small  2-stanip  mill  was  operated  for  a  time  on  (iranite  creek 
and  ore  extracted  from  one  of  these  veins,  but  the  undertaking  was 
not  profitable  on  account  o''  the  uneven  distribution  of  the  gold  in 
the  vein. 


Copper  Deposits. 

Ur.NKUAI.   STATK.MKNT. 

The  copper  deposits  of  the  Tulameen  district  are  at  present 
the  most  important  of  its  primary  metallic  deposits.  They  are  here 
described  under  one  hea<ling,  but  tliey  do  not  all  belong  to  the  same 
class  of  dt!"isit3,  iu)r  do  they  all  contain  copper  as  the  mineral  of 
primary  importance.  All  of  them  ccntuin  some  gold  in  association 
with  the  copper,  the  <piantity  varying  in  ditferent  localities.  The 
deposits  are  important  not  only  for  their  wiile  distribution  in  the 
district,  but  for  their  economic  value  aa  pr(ibable  producers  of  metal 
in  the  near  future.  On  this  aci'ouni  most  of  the  i)rospectiiig  and 
diAc.'opincnt  work  done  b.v  miners  on  mclallii'  deposits  has  liceii 
carried  out  on  deposits  of  this  nature. 

Although  many  of  tlu-  deposits  have  been  known  for  the  last 
ten  years  and  have  been  prospei'ted  more  or  less  for  that  length  of 
time,  they  have  not  yet  produced  a  pound  of  metal  This  is  not 
due  so  much  to  the  charai'ter  of  the  dejiosits  themselves  as  to  their 
isolation  and  to  the  bid;  of  ^rood  transportation  facilities.  Many 
of  tluiu  arc'  only  coiiuccled  with  Tulameen,  the  principal  distribut- 
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iiiK  point  of  tlie  district,  by  i,:u-k  trails  an.!  Tulann^pn  itsolf  1ms 
>-^>t  n.>  railway  (-..imoxion  witli  i.ii'si.io  points.  Ihouirh  a  omnoxion 
should  now  bo  ctleotoil  within  a  short  tinio. 

In  all  oasos  iho  oros  will  hav  to  underso  tni.tinoiit  l.y  siiiolt- 
iiiK.  eithor  directly  or  at'tpr  oonconlration,  and  the  fact  ♦•  ..t  there 
is  within  tlu;  same  district  coal  which  yields  a  fair  <iiiality  of  coke 
increases  the  value  of  the  deposits,  and  the  prohahility  of  their 
beiuR  worked. 

IllSTItllU  Tlo.v. 

The  princi])al  lo(>aliiics  in  wliicli  eoiipcr  deposits  arc  found  and 
have  been  prospected  arc:  at  Indcpcndcn.^c  can  p  on  the  headwaters 
of  Hear  creek,  at  Law's  camp,  Hritton  mounlain.  (  hanipion  creek. 
Olivine  mountain,  .Sjato  creek.  Rabbitt  mountain,  and  at  the  head 
of  Smith  creek. 

The  majority  of  these  deposits  are  situated  in  the  rocks  of  the 
Tulamoen  group,  and  in  nearly  every  case  are  located  either  on  the 
inunediate  contact  of  some  igneous  rocks  or  within  the  sphere  of 
intluence  of  such  rocks.  The  contact  with  the  Kagle  granodiorite 
is  a  favourite  position  for  these  deposits,  particularly  where  the 
Tiihimeen  .-ocks  are  represented  by  limestones,  in  which  case  the 
conditions  are  most  favimrablc  for  ore  deposition.  Other  deposit.s 
arc  situated  on  the  Houlder  granite  contact  and  on  the  contact  of 
tlie  pyroxenite.  No  deposits  have  yet  been  fouml  on  the  contact 
of  the  Otter  granite. 

In  certain  cases  copper  deposits  have  been  formed  within  the 
igneous  rocks  theniselves,  as  in  the  case  of  the  pyroxenite  or  in 
dykes  of  granite  iwrphyry.  No  <'opiK»r  nor  otlii>r  metallic  dcpo^n.' 
aro  known  to  occur,  in  this  region,  in  any  stratifiivl  fonnatioii  other 
than  the  Tulamcen  group. 

OENKRAI,   CIl.Ml.MTKK    OV    TllK    PEPOSITS. 

The  copi)er  deposits  of  the  district  have  one  eharacleriatic 
common  to  nil  of  them,  and  that  is  the  presence  of  the  copper  in 
the  form  of  the  sulphide  clialeopyrite.  In  one  or  two  instances  the 
higher  form,  chalcocite,  lui.s  been  developed,  no  doubt  by  secondary 
enrichment  of  ehaleopyrito.  and  in  othor  localities  tetrahedrite 
occurs.     The  minerals  usually  associated  with  the  copper  minerals 
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:ir.'  |>,vrilr.  ;ni.l  |i.vn-li,,ti(,>.  (iiilciia.  /Jim-  \.],n>]i:  iii:iyiirlito.  mii.| 
iiKilvluliiiiir  .ir.-  pri'-iiil   in  soin.>  «(  ili,.  ,|,|i.p^it<. 

Ilif  yiinjriic  ,,f  th,.  ,,r,.  iriimnils  .|,|hii,|-  ,,ii   tlir  niiliiri'  ..f  tli,> 
ilfpu-'it-.       In    soii:(.    the    yinmii.'    i<    tlic    iinalt.iv.l    .-.,111,1  ry    r...-k.    in 

.'tliois  it   is  tlie  couiitry  r,„-k  iill.'iv.l  l.y  .-..iitii.'l    rri.l |,lii.-  ;i,ii,,n. 

in  .illi.Ts  i(,  is  liiirtly  i-i-i.Im.'<m1  ]ii,ic~t..ui>.  .•mil  in  ..tli.'i>  .|nMrtz, 

Tlio  v:iri..ns  kin.is  ol   .■,,|,|„.r  .|,.|„„i,,  ...,„  ,,|1   |„.  .■L,.,iti,.,|   ini.i.T 
..ni'  1.1'  llu-  llnv.'  I'.ili,,u-in.;-  li.a.l>:    - 

I  1  )    ]-)l--.;lnin:ltr.i    otf'. 

(-)   ('..nt:i.-t   Iinn..r|jln'.-   .i,|,,,.ii-, 

(■'!)    \'cins  I, I-   n>|.hici'nicnf  i|i-|,.i<its. 

(>pev   ,I,.|,„MU   ,.f   il„.   li,.,,   ,.h„,   „,   ,,„    olivin.-   n„,un,ain 

an.J   .■ls,nvl,..n.     :,    pyn.x-nit...      The.   o.,.,,,-.    ■nin.Tal    is   ,.|m|.-,,,y,il,.. 

which    is    lis.,,.  K.lr.j    with    pyril,-    ,in.|    nin-n.-tit...    an.l    nrs    ..Jth.T 

.li-=cinini.t.'.l    thr.,ui;li.,nt     th,,    ma-iv,.    |,yr.,x,.nit,'    .,.•    in    z -    ..( 

.hfnrinK  wlii.-h  rnn  .-ast  an. I  uv-t  an. I  rarHy  n.„-th  an.l  >.,nlh. 

^''■''"■-'''  "'■  '•' '"'  '-l''"^  "'■'■  l-n.nl  ..n   l!ritt„n  ni.,nnta n 

the  ,„i,ta.'t  .,1  |.yr.,.N,.nil,..  with  th,'  r„.-k  „f  th,-  Tnhun,.,-n  ur.,n|,,  .„,.| 
at   Clianipi.ni   <rv,.|<   an,l   .■l.iwh,!-,-  .,n    lli,-  ,-,.nta.|    .,(   Ka-h.   :;ran,.- 

-liorit.,'    with    th,.   sani,.   f;r.,n|.    ..f    , k-.      In    th,.,,-    insfan--.-    .-hal- 

.•opyrit...  as-.„.iat,.,|  with  s..ni..  ,.yi-it,-,  |,y,Th.,tit...  ^nl,M,a  .,r  1,1.  n.h-. 
■"•<-"rs  in  a  Kanfrn,'  .,f  ,-al,-itr  an,|  mi.I.  lin„-  Mh-,-at..  niin,-!,.!.  as 
Kariift.  , -pi, hit,',  ami   pyr.,Xfni'. 

lVp.isits  .,(■  tl„.  thiril  .-ia--  a, n..n,ii-ally  th,-  n,.,-t  in.p.-rtant 

1.1   this   t,.-M.   an,l   ,,n    th.-ni    th.-  ^n-ali-i    anmunl    .,(   v.„rk   has   |„.,.„ 

don,..      Th,-y   are  all   H..M-ly   a-.„-iat.-,l    with    i«, „    intrnsiv,-.   an.l 

the  on-  ho,ii..s  haw  l„..-n  torn,,-.!  .-ith,-,-  in  th.-  ijrn.-ons  rooks  th,.„,- 
6.-lv,.s  alonp  tra,-t„rc-  z..„,.-.  .„•  th..y  havi-  I,,.,.,,  ,li-v..l„p,..|  i,,  ,l,o 
mtru,I,.i|  rii.-ks  hy  a  n-plai-i-ini-nt  ..f  ,-i-rtain  Mrata  in  thi-s,-  r...-ks 
The  hVst  „f  ,1„.„,  ,,,-.,nvly  n-i-inl.!.-  ,h.-  Unit.-  typi-  am!  is  c-x.-n,pli- 

li.-.l   at    In.|i-pi-n,l..,„.,.  ,.„n,,,,    uhiv  a   lari;,-  .lyk,-  .,f  ur t,-   p.„-pl,v,-v 

has   heon    Cra.-tnml.    an,'      hal,-.,py,-it...    pyrit,-.    an.l    pvn-h..tit,-    hav,> 

been   ,|pp„si„.,|    i,,    ,1„.   , ,„,,   ,,|„„.,   ^,^„|   ^,|^.,   ,„.„,,„,,.   ,,,„   „.,„ 

roi'k  ..n  lith.-r  siilc. 

Tin-  sc.-.inil  typi-  ..r  th.-i-  ri.pla.-.-ni.-nt  d,-po-its  is  ilKistrat.-.l  at 
l.uw's  ,-an:p.  lionl.h-r  .-.-...-k,  a,,,!  Ilahhi,,  n,.,n„,ain.  In  tho-e 
instan.-,-..  th,-  ,-„pp,-.-  an,l  ,i-on  >nlphi.l,-.  lr.-,iu.-ntly  a-.i.-iat.'.l  with 
Mak-na   an,l    l,h-n,h-.    hav,-    ,-,.pla.-.-.|   .■a|.-an-..n-   ,„-   ..th.-r   -tiata    to   a 
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friv.it.r   ..!■    |.>-    .xt.Mil.    t| IV    i..„|i,.-   L.-iiiy   .■.■iitiii,..|    !^.   |.ai-|i.iil..r 

•U\i\A   :iii<l    I, i.l.-.l   ],\    ill,,  .i.lj.i,  ,.|,t    ~ir:ita. 


Ill  I  Ml  I  n   i>i  -■  liii'i'iMS   .■!     I  III     hi  i-,,-ri~. 

Ill, in,.  M,i„i,l,i,„.  Tl,,.  r.,|,|,.  !•  .|,|,.,Ml-  ..I  Ollvihi  iilclhiiaili 
np.    -itUiltr.l    t,,    ill,      „,ulli    ,,!     ||„      liiirli.-l     IH.illt    ••t     ll'r    HI, .lint;, in    II!;, I 

hU   tlic   ri,|>;i.   ulii.-h   -,-|,,i i;it,  -   ( ■|Kiin|,i..ii   ,T,-,-k    lr,>n,   Sin,,  .-vi-i-k. 

I  111'  lil-I  liiin,r;il  |,,|.,iii,iii~  u,..rt.  111,1,1,.  thii-r  ;il".iil  niiii.  vciir- 
iiy,,,  ulii-n  -,,ini-  l,".,ii  ,.\,'iliin,iit  w.is  ,-;iii-,-.l  l,y  ili,-  -.iii,!,,,.,.,! 
(li-<-,,v|.|>    ,)l    \.  r.\    ri,-li    i;,il,|    .ir,.>.      'I'li,-    wli,,!,-    n,,iUiihiin    w;i-    -taki  ,| 

■  I'     l!i.il     Inn,-,    lurlhii-    |,i',.-|M.,-llim    «„-    inil    ,-11 iiMLMn:.',    I.    ii"      tli,- 

i-lnini-.   ui'i-,.  .il!,.\V(.,l   h.  lap-i-. 

1"    1'""'         Jti,,n>    u,ii.  a;;;iin    iini,i,..   I,ul    llii-    lin.,.   \,.r   |ilatiiiuin 

iin,l   .■,ii'l"T.      Al„,ul    L'."i   ,.l;nii,-   w,'!-,.   Ii,.in;;    li,.l,l    in    I'.Mh.   ,iimI    in    tlit' 

ulliiwiiif;    -prini;    ;ill    tli..    \j,;iiit    i;r,,iinil    wii-    \nkri:    ii|,   ;,-    ,li;nii.jnil 

The  cniiitry  i-.i,.k  ,,1  tin.-  ■■,.pii,jr  ,|,.[i.,-ii-  ,,1'  (Jlivini-  iH,iUntiiiii 
i-  ii\  r,ixi'riiti.,  wliich  ,.,insi-l-.  ,-M'ntiall.v  ,,1  |i\  i',,x,.n,.,  -,.nii-r  iim-- 
iiltiTcl  t,i  li,ifiiMfnil,.,  an, I  inafiin-tilc.  I  lif  |pvi',,xi.niti.  i-  -,,iiii.tiin(>- 
>lifai't.<|  am!  i-rnili-ii.i|  -,-lii-t,,-c.  alun^:  n,ii-tli  ami  -..iitli  lini.>,  and  in 
tlii>«|.  -iifar  z,,ni."  ijiiart/  \('iii-  liavc  I,,  ,11  luriin/'l.  'I'lic  ,|uart/  vein.- 
an-  -parin^ly  iiiincrali/.,.,!  with  ]i,\iiti'.  i'liali.,,p\  rit,..  an,l  |i,vi',,lnsito. 
but  tlicy  il.,  nnt  cmtain  ;(ny  ,,1'  tin-  iiirlaU  in  >iilli,-i,.nl  ,|iiaii  ,ty  to 
mini'. 

I'hi,'  ,',i|iper  ili-pii-it-  lii-  in  ilif  pyr,,xi'nil,'  il-i'll'.  ainl  app,-ai-  f 
In-  c.nriniMl   til   ivrtain   i-a>l    ami   wi'-t   /.,in,.-   ,■!'   -Iicai'lnj;.      In   iIicm- 

/line-   i-lia!i'iipyrili I'lir-   in   ininiiti'   Iracturi'   plane-.,  m-  i-  i.li-sciii- 

inati.,|    till f;li,int    tlic    n,a--    ,,1'    tlir    im-k    ailjaociit    in    llic    line.-    of 

IriU'tiir*-.  In  tlii.  lathr  im-c  tlie  i-liale,.ipyrite  i-  apparently  a 
IMMinary  inimral  in  tii,-  p,\  rnxi'mle.  t',,i-  it  aplxsir-  ciiil'cKli  ,1  in  tli,' 
pyroxene  ery-tal-.  In  tlie  lunmr  ease  it  i-  .-e,',,ii,larily  ,l,.p,i-ited 
hy  per,',,latinfj-  >,,|iiti,,n-. 

A--ays  ,,,l'  -ainpjes  nl'  llii-  ,ire  yirlileil  '■',  per  I'lMit  ef  metallie 
i-oppi-r,  and  it  i-  unlikely  thai  the  averaj.','  grade  i>{  the  ,ire  will 
exeeed  that  tiiiure.  The  aninunt  nf  work  dmie  i-  net  i;r,al,  eoilsist- 
ing  iif  I  iK'ti-iMit-,  jini-pii't  jiit-.  aiwl  -h-irt  tunnel-,  and  i-  in-iiitfieieni 
t,j  dellKlll^tlat,•  thr  value  nf  tile  depo-iti. 
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Britton  Mountain. — Britton  mountain  occupies  a  position  on 
the  north  side  of  Tulamcen  river  between  Eagle  and  Siwash  creeks. 
Tt  is  dome  shaped  and  rises  about  1,300  feet  above  the  level  of  the 
river  tlireotly  below  it. 

A  Kroup  of  mineral  claims  has  lK>en  staked  on  this  mountain, 
the  oldest  of  them  having  been  held  for  the  last  11  Jreprs.  They 
lie  in  a  belt  of  rocks  of  the  Tulamcen  group,  about  half  a  mile 
wide  and  bordered  on  one  side  by  pyroxenite  and  on  the  other  by 
Eagle  granodiorite,  both  of  which  are  intrusive  into  them.  The 
rocks  of  the  Tulamcen  group  here  consist  of  narrow  bands  of  lime- 
stone interbedded  with  mica,  hornblende,  chlorite,  and  quartz 
schists,  all  of  which  dip  at  high  angles  and  strike  approximately 
iiorth  and  south. 

The  copper  deposits  are  of  contact  metamorphic  origin  and  are 
situated  in  a  zone  of  brecciatior  lying  on  the  contact  of  pyroxenite 
with  the  schists.  This  zone  otf  brecciation  is  mineralized  with 
pyn'te,  chalcopyrite,  and  magnetite,  which  are  associated  with 
pyroxene,  gamet,  hornblende,  and  epidot«.  Adjaoont  to  this  zone 
is  a  bed  of  white  quartz  schist  about  40  feet  in  width,  mineralized 
with  pyrite,  which  occurs  in  well  crystalli.Ted  individuals  forming 
lines  parallel  to  the  plane  of  schistosity.  Most  of  the  development 
work  has  been  done  on  this  bed  of  quar.3  schi,.,  but  samples  of  it 
taken  for  assay  have  yielded  no  gold  and  only  a  trace  of  silver. 
The  work  on  the  copper  ores  in  the  zone  of  brecciation  consists  of 
open-cuts  and  prospect  pits. 

On  the  contact  of  Eagle  granodiorite  some  mineralization  has 
also  been  eflFected  by  copper  and  iron  sulphides;  but  littje  work  has 
been  done  to  prove  the  extent  of  this  mineralization  or  its  impor- 
tance. 

Champion  Creek.— A  group  of  about  12  mineral  claims  is 
situated  on  Champion  creek  near  its  mouth,  and  in  the  neigabour- 
hood  of  the  contact  of  Eagle  granodiorite  with  the  limestones  and 
schists  of  the  Tulamcen  group. 

The  limestones  and  schists  are  penetrated  along  their  bedding 
planes  by  many  apophyses  from  the  granodiorite,  which  h-a  effected 
much  contact  metamorphism.  They  dip  towards  the  granodiorite 
and  strike  approximately  north  and  south,  parallel  to  the  contact. 
They  are  also  traversed  by  many  small  quartz  stringers  all  of  which 
arc  more  or  less  mineralized  by  sulphides. 
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li:f-    r.,u..^t.,u.    I,.,nl.    |,;n.    ,urtVr,.,l     liie    ^.vat.'si    amount    ..f 
aUeraliuu    tro,u    ,l».    i,„n„io„    „,    ,1,,.   «n,„.„!;,.n.,.,   ,„>.!    have   l.een 
"""■'•     marMri/,.,1     ,„•     ;,|„.,.,|      ,,     ,     i;,,,,,     ,,ij,..,„.     ^,„.^     ,,^^_^ 
.'.stmR  of  re-l.li.h  Kan,..,.  n,.lu.fn..   .r.,,,  ,,,i,|„te.  iiornbLnde,  and 

pyr„x,.„e.     This  al,..r.,|  ,■...■!.  i-  ,1..  ^a„.:„.  .,  ,1 re,  wlueh  consist. 

of  l.yrit,..  rlu,|..„,,v,-ifo.  hK.n.l,.,  lotr.l.o.lrit.-.  and  u.olybdenir,. 
l.<-..ie.  -oppw,  Ih..  n,v-  yi,.l,|  .„M  ,„„1  .il,,.r  „„  „.,,,y.  a„j  ;„ 
.-'■inr  .-M.-cs   th.^   valiii-  i,   iT|inrtiM|  fi  he  lii-li. 

A  iittir  .[.■v,.l.,|,„UMit  uoi-k  luis  bwMi  ,|..uf.  oon'^i.-^tiriff  „f  . ,,„.„- 
<"ii-.   -i,.,rt    iui;i„-l.,   aii.l    |,r.,-;..-t    piis. 

''"'''""  •'/»""'«'■"•-     l-ii'Mit   m. lain  l,c-  „i  the  unglu  bftu-een 

thv  Inhaueeti  an.l  Otter  valh-vs  t..  ,hu  ,u,i!h  of  HouUler  creek.  It 
i-  :.  hn.a.i.  Hal  top|,r.|  ri.kv,  n-iuK  aho„t  .',:;,«,  i;.,.,  al.ove  Otter 
l.'l..  ^ui.|  .-xteii-liM-  .inrthwe.twar.l  to  lona  the  divide  between 
l:-.l,|..r  and  Dear  creek,.  Some  year-  a-.,  the  whoh..  iiiouritain  was 
-taked  out  ill  iiiiheral  eh.iii  -.  loit  i he  iiia,joril,v  of  llu-e  have  now 
lai-ed  and  the  uidy  one-  on  wl.i.-h  any  .vork  is  heiiij;  done  are  those 
siiualed  at  the  ea-lern  hn.u  oi  iho  ni.erM.nn  ami  owned  by  Me.ssrs. 
0-11..V,   Speek,  and    .Mai'Oi.nii;ak 

Tlie  iiioiintaiu  is  made  up  ,:  -iraiilied  voleaiiie  reeks  helun!,Mag 
tu  the  Tiihinieen  group,  which  -:iike  iiorlliwe-i  and  dip  at  various 
an.^io-  lo  tho  s..i:lhAeM.  Tlx-y  are  peiel  raled  i.\  -lieeN  and  d>ke- 
of  fji-anil..  i.orpliyry  and  ,,re  intruded  un  llie  leuthea-t  hy  lioulder 
praiiiie.  The  niiiieial  claim-  aiv  -iiu.iled  le.t  fav  from  tlie  contact 
ol  tile  lioul.h'r  granite. 

ilie  iiilnerai  depo-ii-  are  ivphe-oinent-  elo-e'\  a-oei,ite,l  wlij, 
th-  i;ranilc  poi-phyri.-,  whieli  are  tlieiii-elves  nineralized  willi  iron 
sulpliides.  They  ii,>  in  ilie  ,tratilied  roeks.  wliieh  are  here  Idorite 
selii-!s.  andesite.s,  and  voh-anie  twe.'eias.  Tho  ore  minerals  are 
I"'!'  aiirl  ehale.ipyrio'  dis-eminale.l  tlirouu'h  the  cuuiry  ro -k- 
which  has  in  some  <  a-e-  heeon:r.  silioidod.  Small  \.-'ins  of  .luartz, 
triiversinff  the  straiitied  r..-ks.  al-e  eontain  th.'  nhove  iiieiil  ioned 
sulphide--. 

Besides  eopper  the  d.-p.-it-  also  carry  ;.'ol,|.  The  .levelopmcnt 
«ork  consists  of  shallow  pits  and  opi'iieui-  and  rhrei'  tunnels,  tlie 
lonupst  of  wliioli  is  over  "IXI  feet  in  letifrth. 

Boiihhr  r,e,>/,.-_-T'he  mineral  deposits  of  rids  lonality  are 
siiuated    -11    ilic   oorih    -idc   of   I!,n,Mcr   ei-.vk   ami   extend   ovrr   the 
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dividu  iiiirtliwnril  to  KUiot  iTLMk.  Tiny  wuri'  tirst  stiikeJ  in  !*!>!), 
mill  tiiMiiKli  >i>iiii'  lit  llii'  iiiiiioral  cluiiiis  liuvu  lapstd,  initiiy  nt  tlit'iii 
still  have  lliu  aiiiniiil  a-<i"i^iiic'iit   wurU  done  on  tliem. 

Tile  I'liiiiilrv  niek  ul'  tliis  tielil  funsists  uf  »oft  green  srliists 
ilippiiig  at  liiw  angles  tii  the  \ve>t,  anil  intrmleJ  on  the  east  li.v  the 
Huckler  granite,  f'ninite  pi.r|ih.vry  ilvkes  penetrate  the  Hrlii-t>  in 
many  plal■e■^.  The  I'lineral  ileposits  lie  in  the  schists  in  the  neigh- 
bnurhooil  of  the  I^'  Mer  granite  and  are  elosely  associated  with  the 
granito  porphyry  iiyke>. 

The  country  rock  nf  the  mineral  deposits  is  a  soft  green  schist, 
wliieli  is  traversed  liy  small  veins  tilled  with  quartz  or  calcite. 
Mineralization  oeeiirs  both  in  the  veins  then.selves  and  in  the  wall 
rock  of  the-e  veins.  In  the  latter  ease  tin;  ore  minerals  are  di-seni- 
inated  grains  which  have  been  introchiced  by  a  prwcs-  nf  replace- 
ment. The  ore  minerals  are  pyrite,  chaleopyrite,  and  sonie  galena. 
The  deposit.s  carry  gold  in  association  with  the  copper,  and  are  said 
to  var>'  in  value  from  $8  to  $20  to  the  ton. 

Considerable  development  work  has  been  done  on  these  depusits, 
which  like  those  on  Kabbitt  mountain,  are  promising  enouuh  to 
deserve  further  work. 

l.air  s  Caiii/i. —  The  group  of  mineral  claims  knawn  as  l,aw"s 
cam|)  is  situated  the  western  tide  of  Jiear  creek  and  about  three- 
fourths  of  a  mill  uf>t  of  the  forks  of  the  ^tream.  It  compri-cs 
eight  Crown  granted  mineral  cdaims  and  a  number  of  other-  on 
which  the  annual  assessment  work  is  still  being  done.  It  is  con- 
nected with  Tulanieeii  by  a  good  wiigoii  road  U'  miles  in  length. 

The  original  discovery  of  ore  in  this  camp  was  made  by  a  party 
of  .Swedes  i-i  I'.KH)  on  the  old  Imliaii  trail  which  runs  from  Murphy 
lakes  northward   to  liie  Coldwatcr  river. 

The  rocks  in  which  the  mineral  ilcpo-i>s  |i,.  arc  liiiiestoiH-s 
intcrbediled  with  mica,  chlorite,  and  talco.-^c  schists  belonging  to  the 
Tulan:een  group.  The«e  are  intruded  on  the  west  by  Eagle  grano- 
diorite,  into  which  they  dip  at  various  angles  varying  from  .'iO  to  TO 
degrees.  They  are  also  cut  by  many  apophyses  from  the  Eagle 
granodiorite.  and  by  (Lvkes  of  granite  porph.x  ry  iiid  Uimprophyre 
the  former  of  which  are  highly  minerali/.ed  with  pyrite.  The 
mineral  deposits  are  situate<l  in  the  stratitied  mcks  on  the  eastern 
edge  of  the  granodiorite  and  within  the  metani.irpliic  /one  atT.ilcl 
b.v  it  and  its  apophy.ses. 
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t-s  imiiiTalii-atiuii   l,v  r.,|,|,i.T,  ,r..„,  i-i,,,.  uml  lead 


siilpludt-  lias  a.v.,i„iM„it..|   tlie  ulurati,.n. 

.  ""■  '"■"■  'i'l"-"-  "a.  re|.l.,.Ti,„.i„  .|.-iM,Mt.s  cliaracIenA..!  by 
mineral,  lorna.i  al  a  i.iu.UTale  de,„l,.  :uul  a...  .uidonUodly  genetic- 
ally coiuuv,..!  ual,  .la.  «rai,„.|i„rite  iiitrMH,,,,.  Th.-v  lie  almost 
ex,.  MMvely  u,  ,1,0  limestone  Land-,  wl.i.i,  ilu.y  |-n..,„ently  Mave 
repla,.ed  lr„in  wall  to  wail.  Tho  nia.xinuu,,  widtli  ot  rlu-  ore  bodies 
H  det-rnnned  In  the  tlii.-kne--  „1  ,1.,.  li„,.>fon..  be,N,  the  adjareut 
1'o.is  be.n«  n„.-a  or  liornblon.l..  -hiMs.  TI.e  ao.ual  wi.ltl.  of  the 
ore  bodies  vari..s  from  ;i  feet  >„.  i„  1.'  iV,.,.  Th.-y  oecr  a,  lenses 
>n  the  limestone.  ,,ln,-l,in«  ami  ^wellinj,  bnth  l,u,-i/„ntailv  and 
vertieally.  A,  the  -trata  dip  ,.,wanl-  tb-  «e>t  the  ore  bndies  often 
seek  the  hanging-wall  and  are  never  ,m  the  foot-wall  e.xeept  when 
they  till  the  whoh?  bed  from  wall  t..  w.ill. 

The  „re  mineral,  visible  in  the  rock  are  pyrrliotite,  pyrite 
ohaleopynt...  ualena.  .ine  l,"ende.  and  sometimes  maK.ietite  The' 
pyrite,  Ral.na.  and  blende  are  „snaHy  well  erystaiiizul  and  are  dis- 
seminated through  th,.  gang,,,,  in  individual  grain,  or  in  biinehes. 
The  pyrrliotite  and  <.|ialeopyrite  are  massive  an,l  often  appear  in 
well  detiii..|  lin,...  running  through  the  gangiie  ..r  through  the  ,.ther 
ore  minerals.  („dd  and  -ilver  are  a-o,.iated  with  these  >uli,l,ides, 
but  are  not  vi-ibl,.  iu  the  or,,  and  ar,    ouly  d,.terniin..,i  by  a.say. 

The  gang,,,.  .,f  the  or,,  i,  a-  ,,  rule  .ah-ite.  Seeou,lary  ,ili,.a  is 
also  present  in  all  the  ore  boilies  but  in  relatively  Miiall  anioiinfs. 
Ill  certain  localities  tfi— et,  eni.lot,-.  an,l  hornblemle  are  as30eiated 
with  the  c.aleit,'  a.  gaiigue  mineraN.   aial  iii,li,at,.  a  .-hang 

'■'■1- •    ill''   d..po>it.   f,.,  II,   -ill, pi,,    r  p!,,. •(•,,,,. lit     r, 

niorphie  eonditioni. 

These  ore,s  are  valuab!,.  f,.r  thiir  i;ol,l.  ,ilv.r.  ,,,„!  ,.,,pp,.,.  ,.,,ii- 
t<,:nt,  and  seleetcl  samples  have  yi..l,led  a-  iiui,.l,  a-  $l(i(,  to  the  ton 
in  these  metals. 

The  mineral   ehiim-   on   whi,-!,   the  gr.-att.-t   ai,,0Mnt   of  ilevelop- 
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iiii'i.l    u'.iik    h.i-   lii'cii   .|-hi>  aiv   till-   Si.    1.:iu  rriiir,   St.   ( niirui-,    l.;\.T- 
poul.  (liicaffo,   .Morninu;  (ilury,  Frinco,  and  Ldiiilnii. 

St.  I.iiwri-iii'i',  -Till'  St.  l.awiciii'i'  i*  tin'  dliio^t  cliiiii.  iji  the 
iMiiip.  aii'l  i^  till'  iiiH'  'III  wliii'li  llic  mine;  Imililiii;:^  liaM'  Ki-cii  itim'Ii,"!. 
It  is  ili'vclupcil  liy  tv.'.i  imliiu'  >li«lts.  .Nd.  I  atnl  No.  2,  iciiuftivel.v 
Iti  and  ."■.">  fi-L't  ill  di'iilli,  and  by  in  adit  i.iiiii'l  uliiidi  in  .Inly,  i'.<\0, 
wa-  'c'li  li'it   ill   li'iiirlli  and  li.i'l  twn  ~li.irl   drill-  niiinin^:  Ir'Hii   it. 

Xu.  1  dial!  ha-  a  dip  "i  I,",  dcurri'-  In  ihi'  wc-l,  and  -huu-  i! 
f(Vt  i>f  i'Vi-  lyin^r  liulwroii  wills  nl'  „liii|,.  'I'll,.  ,,i-,.  (...n-i-t-  lariri'ly 
(if  pvrihniiii.  with  h'--<T  am. Mini-  "f  pyrili'.  idiah'.i|iyriti',  and  hlitide. 

X...  -J  shaft  lii-s  liMl  fcs't  north  \r-i  of  Xo.   I.  and  dip-  .".-'  d.up  ■- 

t(i   the   Wi'si.      It    -hou-i   i\    fcil    "1    ..n ntainiiiL'-   pyrrholit.-.    pyiitc. 

atid    <-hah'npyriir    in    a    Liaiiiiiir    oi    i-alcit.'    lyin;;    ln'twcen     wall-     of 
schist. 

The-  .liil  tiiniii'l  riitcfs  iiiar  ill--  Kiiiik  hnii-c  and  wa-  niii  t^. 
Strike  at  sumo  dfplli  thr  <>rv  li.i.ly  i-xpnsoj  in  No.  1  and  Xo.  ■_'  shafts. 
It  ontor-  on  a  liod  nf  niioa  -ohi-i  and  follow-  tho  -Iriko  of  the  vooks 
f.iv  ITil  foot,  and  tlion  c-n>s--ciiis  tliom  at  .i  slujlit  anur  fov  ll(  !V,-i. 
No  oio  appoar-  in  llio  main  tiinnol.  hut  a  tliin  hand  (ihont  12  im'hoi 
in  wi.lth  was  oi nnionMJ  in  il,r  di-ifi   whioh  runs  to  tho  tiortli. 

Si.  (u'ory,  .  rill'  Si.  Imm,!';;,-  ad,iMin-  i  ho  Si.  I.awronoo  .iii  the 
north,  and  holi.nus  io  iho  -anio  ooiiioany  owriim.'  tlic  St.  Lawroiiio. 
nanioly,  tho  Siinilkanioon  Minim;  and  Sinoltimr  ('i)iii|)an.v.  ( tii  tliis 
fhiini  aro  a  nuinhpr  of  opin-onts  and  two  shafts,  Xo.  ;;  whioh  i- 
ahoiit  ,"iO  |,.|.|   ill  doptli.  and  Xo.   1  whioh  i-   Isl'  fn-t   in  depth. 

.No.  :;  -hall  wa-  tnll  ol  walor  al  llio  timo  iho  oxan:inal  ioii  was 
boiii^  iiKoh';  loit  tho  ore  on  the  diiiiip  was  -oon  to  oonsi.-i  of  |i.\  rrho- 
fito.   'hah-opy riio.   and    pyiili'    in    a    ;.Mni;iio   of   oaloilo. 

.\o.  I.  tho  inain  .-haft,  i.-  woll  timliorod  and  oipiipi)od  with  a 
Steam  hoi-i  and  I'omp,  and  oo\oii'd  by  a  .uooij  hifr  building'.  It  JipJ 
fit"  decree-,  t.i  lie.'  wi-t  and  i-  {•'J  foot  in  doplh.  M  tho  li"i  f  ...i 
levol  drift-  run  ."i"  foot  in  oilhor  diroolion  aloiii;  tllo  strike  of  tlie 
vein,  and  at  the  liottoiii  are  two  eross-eiits  oaoh  alKiut  ■"••■'  fo<i  i;i 
leiiL'th.  The  walls  of  the  ore  liody  are  schists,  while  the  ore  ilstdf 
lies  in  a  slratuin  of  white  liinestono,  whiidi  it  has  re|ilaooj  either 
wholly  or  in  part.  Tin-  vidtli  of  the  ore  body  »aries  np  to  II  foot 
and  111  places  pinohe-  to  a  narrow  ^oam.  .\s  a  rule  the  ore  favours 
the  haniiiuii-wall  rather  than  the  foot-wall.     The  ore  niinorais,  whi..-'; 


II  :.  \M  Ki  N   nisi  nil  r,  p..  ,  .  id,, 

liiUf  i.|iliic.'il  till'  llirii-iniiL'.  nil.'  l'>r;l''.  |'\  rrli.  i  .i.-,  .•ii.uri.|  yvitr,  iiii'l 
^"'11'-  iiliii.li';    Mtiii  ilir  i.-iiiiL'Mi'  i-    .'iil.-itt    iiii'l  -..Ml'  iimirt/. 

l-ri-i-.>.      'I  III-    I'l'i-iM.    J.!!.,!!!-    llii'    St.    (Mi.ru''    '1.    '!ir    ii'T'i,.    lUid 
i-    II.  t    .-iirM-\fl    .iimI    Cinwii    i;riiiiii'.|.      Tin-   ..iil,v    ili'V.  li.pii  i  i.t    n..rk 

-1'  !l       11    it    .■..■l-i-l,    ,.|'    -III    "]'<l\  1-1,1    ill.., lit     111    l.it    .Ii^,|,.        'I'll.'  .■  ,1    -1.  \\- 

il  ii'i-i  nf  nr.'  ill  limestiMU'  lyiiii.'  ..ii  tlw  ii|,imt  ^i.li-  ,if  .i  <lyk.  ,1' 
wr.iiiii..   |,.,i'|,|iyry.     'I'lir  uiiiiL'iir   ol'   llir  on-   \<  il.irk   ny^talliiu-   lim.'- 

stiiir,  iiiid   tl ri'  miiienil-  iirr  well  cry-talli/r,!  pyriti'  ainl  iiiapne- 

tiic.  iiml  iiin-ii\t'  pyrrliotitc  iiinl  cliiilcdpyfitt'.  wliii'li  fullnv  drtlnite 
iiH-  |:ii;!li'l  I,,  ill.'  Krildiiii.'-  ,.f  thi'  r...!.  TIi.'  ii--i,riiili.,ii  i,l'  -u'- 
).|iiiii'-i  uitli  .iNuii-i  in  tliis  ni"!'  indiiMii'-  .  iy-tiilli/iili.iii  i,r  furiiia- 
ti.ti  ..r  .,i-i'  nil. I.T  I'oiiditinii-i  nf  ('iiii<ii|pral.li'  pre-i-iirc. 

I.iiiii.ui,       Till'   l,.'i,d.iii   liiiuci'jl   .•liiiin-   iiiljniii   tile   |-'ri-r(i  .■i,    the 
ii'i'tii.     'I'lii'  \vliiil(>  cliiiin   i-  .Iril't  .•iiv.ri'.l.  mid  tli,.  u'.,rk  r.,ii-^i-'s  of 

a  iiiiiiil.iT  nf  siirfa ni-  I..  .•.\p,i-i'  tin-  r.i.'k.    (  dii'  i-ut  ,-li.,w:<  a  small 

l.ddy  of  ore.  on  lln'  iippi-r  >i.lc.  ,.1'  a  tilivrt  ..f  irniiiiti'  pnr[iliyry  which 
i-  iiitru-ive  iiii..  ni.M  -iliiii.  'rin.  si/hi^l  may  liavi-  originHJly  hocn 
a  hfd  of  liiM'siniii',  t..r  ll  ii.iw  .-., mains  hr-idr-  llir  mica  -(iiiic  iraniet 
and  ('iiidiito.  Tin-  dfpi.-il  .•..iilaiu-  pyrito  di-scmiiiutod  ihrniiirh  a 
;:aiii;ii.  .d'  the  ahu.'  iiiiini-iil-  ami  i»  ahout  ID  feel  wide.  It  is  ck-arly 
.■.'iitrt.'i  iiictam..i'phic  in  nrijini.  (MIht  ciil^  -li..\v  -..iniewliat  iiimilar 
.■i,iiditi..ii-.  \viili  till'  pri'-i  ii.c  .i1  i-iialen|iyriii,  an. I  iiiii--i\c'  mairiietitP 
with  tlie  pyriti'. 

i-iuri l.--'i'lic    l.ivri'i 1,    lyinn   .lirclly    -onlli    i,f   tlii'   St.    Law 

i-iiicc.  i-  .■iiirveyed  and  (  rnun  j;i  .iiii,-.|.  'J'lie  di-vel..p!iiiiii  work  on 
ilii-  i-laiiii  i-  an  .ipi'ii-.-iit  i-iiiinitn;  ini.i  a  7.1i..rt  tiiiiiii-1.  Tin-  .-..  ntr 
i'".-ks  are  hamU  of  hhir  and  while  limetitoni'  iiiteihed.le.l  with  mica 
M-hi^ts  ilippiiip  :l."  decree-  i..  tlir  we^-t,  'I'lic  ..iiicriip  nf  the  ore  body. 
wlii.'h  i-  a  hrildi'd  di'pi.-it.  .-..ii-I^i-  ..t  ii"n  i,\ii!i"<  and  copper  car- 
l.iiiiafcs.  Tielow  thi-  i-  liic  unali.'i-i,!  ,.r.'  li.i.ly.  whicli  consists  nf 
pyrite.  pyrrhotitc.  ■■hah-. .p.\  rite,  aid  -nii  .■  i;al.'n.i  aid  hlcndo  in  a 
calcareous  g-aiKTiie. 

I'liicauii,-    'I'hc  (Jliii-ai^ii  adj., in-   the    l.i\i'rpn',l   nil   the  south   ai..l 
ii  al-.,  -iiiv  .ycl  and  Crnwn  i;raiilC(i.     It   ha-  l.crii   pr.'-pccted  by  two 

i.'Iil:    ,, '.I'll-. •ill-,    wliii'li    -li.,'.s'   the   '■oinitr>    i i;-   t,,   i..     l.aii.le.l    liiic- 

-tniic  aii.l  lim.'  .schi.^t  dippiiii;  i.'.'.  in  '■'"  deforces  to  the  wr-t.  'Die 
.■re  I'.'.jv   i-   a   r.'i'l.i.eneiii   .■!'  ilie  liiiie-'.'Mi'   l.v   pyriie,  eliajeopyrite. 
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MMiiiiiiK  (ilorv.  Ilii-  \|..niiim  (ilory  li,-  „.iitli  ,.f  tli,.  t:|ii.-ag,,. 
an. I  i-  (Icvrlupcd  |].v  .1  nihil. -1  wlii.'li  )''ill..w-,  the  ,trik(>  ..f  tli.>  riii'k-. 
Til.'  r.ivU  i-  liiiiiMi.iiii',  wlii.-li  c.iiii.iiii-  .li-MMiiiiiiiii'il  .-ryslaU  of 
inril.  hikI  thin  vi'iiw  ..I  |..vrrli..titi'.  It  i-  cut  l.v  -rtitill  (|iiurlz 
cIriiiL'cr-i,  !)iit   tli.'^o  Hfc  l.nrr.'ii   .il    .my   -nlplii.liM. 

Intliliendi'HK  Camf.  I  ii.li|.iii.l.ii,'o  cinui.  .•.•nU'ri-i'S  ii  umiiip  ..f 
iniiu'i-.il  cliiiiii-  siliiiitiMl  ill  ihr  ipirlliwest  (VirinT  ..I  llir  Tiilnino.ii 
liiaii--li('t'I  .III  till'  .livi.li-  lutvvrcii  Hcnr  creel,  ;ni.l  tlic  t'cl.lwatcr 
rivor,  ami  extttiilini;  southward  inl..  the  Hear  Cmk  liasin,  The 
main  w.irkiiiu-  ..f  ihi-  .-an  |.  an.  -lliiali'.l  al  an  .'Ic^ali'ti  el'  l'.'.H"! 
fi'fl  .ili.ivc  'I'lilaniecn  aid  al)...it  .".,4<KI  tcet  ah..ve  ,-ca-levcl,  Thpy 
nie  ili-laiit  Iroiii  I'lihinieeii  aK..iii  1.'.  n.ilc!',  uiid  nro  ceiineite.l  thcre- 
witli  partly  hy  wajr.m  r.ia.l  an. I  parily  hy  jiack  trail. 

'I'll  the  east  ..f  the  caiii|i  lie-  tin-  main  li.i.ly  el'  the  rocks  uf  th." 
TuliiMieen  Krouii,  wliidi  here  ...u«i-N  ..!'  .-lil.Tiic,  -ericite,  aiiii  horti- 
Mcn.le  schisiT.  ilippiinj  at  high  aiif-'l.-  I.iwar.i-  the  we-t.  To  the 
we^t  lie-:  the  Maylc  Kran.i.ii.irili..,  wlii.'h  i-.  intru-iive  inte  the  rocks 
nt'  tlie  Tiilainecn  Mjrunii;  an.l  henwcn  the-ic  tw.>  t'orinationsi  in  a 
larue  .lyke  of  granite  |Hirpli,\ry  wliicli  |.n(s  li.ith  f.irnnitions.  In  tlii- 
ii,\k.-  lie  tlu'  prini-i|.al  ..re  l....lii'~. 

Tlip  (rraiiite  iiorphvry  lia~  a  inaxiiniiiii  ui.lth  of  ahoiit  1,;.'IM»  I',- .f 
aii'l  evtcn.Js  *i)ii(liivaril  in  a  ur. dually  narr.iwing  hn'id  fur  about  3 
ir.ilf^.  It  is  cut  by  syenite  pori)hyry  dykes  and  traversed  by  znncj 
of  1i  i.'tiirinif.  It  eeiitaiii-  pl.en...Ty-i-  ..f  .|iiar;z.  feliUpar.  and  hio- 
titc  in  a  tine  grained  pronmlnias?.  The  thin  section  shows  the  feld- 
spar- to  be  both  ortlioolfl>e  and  plnpi.iclase,  and  the  quartz  exhihit:< 
a  Corroded  outline.  Much  pyrifc  is  al*.  present.  Tbe  cotnposifion 
of  the  ruck  is  by  no  means  uniform.  beiiiK  more  siliceous  in  some 
parts  than  in  others.  It  is  traver-eil  by  little  veins  of  quart/  wbicb 
are  larren  and  ai>pcar  to  have  been  formed  jirevious  to  formation 
of  the  ore  bodies.  The  structure  of  the  rock  is  massive,  and  wben 
not  affected  by  mineralizinif  solutions  is  quite  fresh.  It  is  only 
8li.;btly  sheared,  and  shows  fracturing  in  two  directions,  the  rnost 
pronounced  of  which  is  ab.iut  X.  2.')^  W. 

The  deposits  of  this  camp  are  replacement  deposits  of  the  Butte 
type.     They  lie  in  fisstires   in   the  orranite  porphyry  in   inain  direc- 


TI  I.  \  U  I.I  A    h!si  i:ii    I  .   I..   1  .  I'll 

t'vut    ..|    li-.unii'.    .iii'l    il.i     l.'i-iiMi  !..ri    •■!    "P-    !i  i-    |  r.ii,'ri'.<-i''l    iil' i:;; 

tlin-i     ii,.iii'.-.    [•,i--iii^    .-itM.n-,)    ||,,|ii    lli'ii      liii'     ilr     ili'ry    r'i'U. 

Itcpn-iiiMii   f.t   i.ii'  li.li   I.I.  II   M liii'li-lii'l  I'v    ;iii'ii:.li,ii.    :illsiiliiii'        'n 

til  h-  >!irr.vinc   iln-  vniinii-  inrlal-  pri'-ri.i   iii   M n'  Imlii" 

I  ill'  i.n    iiiiijiriil-   ;ir.'  i '■    li-.i|i.vrili',   |.>  rilr  liti'.  p.\  rit.'.  .iml   li->-ei 

i|ii.iiilitii'       lit      bli^liilr.     iliiil ill',     tflrali.-ilni.',     II  •■Ivli.li'iiilr.     ;inii 

fuiiril.'.  The  uiiliiiui'  ••!  till'  ''i-c  1-  tlio  uraliili'  |M,|-|,livry  wliirli.  1m\v- 
ever,  lui-  ln't-ii  ^o  illtiTi'il  liv  iinccinliiiif  iiiliitinli-  llml  Imlli  tlii'  t'flil- 
spar   ami    tl.o   liiotiln    li.i    •     iit'lni    'li^appiai-nl    .■iilinlv    aii'l   -iilv    tlii> 

(piarl/    i-i'iiiuiii-.      'I'l iii'lary    -itiL"ii-    niiniraU    iiiTmlnr."!    iiiln 

till-   Irai-turc-i   iiiiil   tlu'   lioimi|iii(i    wall    rm'k-   an'   ipiarl/..   r.il'ilr.   ainl 

Si'l-iiiii-,  anil  llii'-i    ari'  -I    aliiilnlam    ivlarr  lla-   I  r  arliii  ilij.'  Iia^  la"  n 

pn-aii  -'. 

irmii  a  iluil.v  nT  lla'  "I'l-  it  appear-  llial  llnTr  wrn?  two  piTi'-l- 
pf  t'rai-liiriiiu:  nlni  ininiTal  iii-p.i-ii  i'.ii.  Diiiiiil'  i1i«'  lir-l  piTi...|  .lial 
c'lipM-iii.  p.vrrli.iiili-.  ami  i.liii.li'  \mii-  iiiHoilurnl  aluiii.'  witli  i-iili'itf. 
Sii  ll.at  wi'  liiiil  all  ilii-i'  iiiimTaU  in  llii-  tl.--iiirt',-:.  I'vrito  wa-  aUn 
itilf.'.liircil,  aii'l  ol'lcii  iiiinratiil  larthiT  into  the  wall  rm-k  wlim*  it 
fHi-mi-l  (•ry.ilalliiic  imliviihial-  l.y  in.'ta-diiialii'ally  replaeiiii.'  tii.- 
cuuiitry  rock. 

In  till-  -i-riiiiil  piTiiiil  ml  I  rarl  iiriiii.'  thiTi'  ua-  .1  vi-ry  liii.itoil 
iiitroihiilii>n  vi  sulphidi'-.  Init  a  greater  influx  of  llie  Kani.'uo  iiiiiicral. 
so  tlial  wr  timi  vciiiloti  nl'  «-nlcitc  riutiiiK  thi'  pri'vinii>ly  funiii'il  ore 
niiiiiTal-.  and  tri-mlri  tilli-'l  with  .piart/.  rali'iti'.  ami  -iTicili'. 

Sdiiii'  -ec. Hillary  iiiriiOiiiU'nl  lius  tiikoti  plarc.  I'lriiiin:,'  .•uprit.' 
ami  i-liiil( itf.  but   tlii-  .■nrirliinciit   i-  vitv  liiiiiti'il. 

I'lii'  ^iirt'ai.M-  ni'i'  i-i  >aiil  lu  have  ;;ivcti  ii-Ja.v-  >>1  JH  piT  I't'iit 
m|>piT,  lint  tlir  nre  "li  uliii'li  tin'  yaliii"  ot  the  dfpiwil*  ili'pi'lul  will 
only  yii-lil  ali'iut  :!  pi-r  iiiil.  (iiiM  to  the  value  of  ahmit  ^l  to  the 
ton  i.~  foiiinl  a<>oeial<'i|  uilli  tln-e  ..re-. 

The  main  worUinu-;  in  tlii^  i-amp  are  siiiiateil  .lireetly  on  tin'' 
suniniit  of  the  iliviile  hetweeu  I'.enr  ereek  ami  the  Colilwatcr  river. 
and  eonsi-t  of  over  l.niHt  leel  of  tuniieN  and  drifts  and  ■■i>'>'>  feet  of 
Rhaft-,  witli  a  milnher  ..f  ..pen-eats  aii.l  pro-^peet  i  its.  The  main 
tunnel  is  .".OD  feet  in  b  iiiitli.  drneii  in  .m  the  striki'  of  the  ..re.  At 
a  di>taiiee  of  oiMi  feet  InHn  the  ii..rtal  is  a  rais,'  of  Ii'<i  feet  to  the 
surtaee.  At  :',>>i)  feet  from  the  portal  are  drifts  to  either  >i.le.  one' 
beintr  14,')  feet   in  lenirfh  an.l  the  other  ■■;i-.'  feel.     In  the  latter  drifi 
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U  H  ^ynw,^  ,•,;!  l..,.|   ,|.,.|.      \t,„,  ,,,   ,1,,.  „,,,K  „.„  ,| u   ,|„.  ,„,„„i,y 

C'<)iii|i.iii,v. 

'"  '  "  '■'tU''\   Mill   Ml)   I  1, Hint  l.viii^'  -luiili  of 

Inl.  iH'h.l.'tieo  .•amp.    m   .t  ,i.|,i;„-,ril    i,,     il,,.    .;,,„.•    ,M ,    ^-rMinr,. 

pMrpli.vr.v. 

Magnetite. 

Tho  pr.-.>i,.-,.  „f  „a«i„.i,i,.  il,  ||„.  ,,„.!,,  „,   i,.„|,..|,,,„,  , „(^i„ 

has  l,„it'  UvM  know,,   i„   pru.pr.tnr,   in   ,1k.  Tnlan,,,.,.  .,  ,,ri.'t,  and 

"    ''    '''■       '"    •'"•    '"'■'    "'^"    'Il I.Hllil.V    of    tl.i-    l„i,i..Ml    Wii.'.utH- 

''''■'"'>    "■■'■"•    •"   "'•■■'■'    'I" "MM"    iliMt    ll„.    m.niur.ii,,    „;i.   ^MVPU 

thi-  niuiir.     s,.u.,-„l  niininu  ■•lam,-  w.iv  al  .„„■  ,i,iu.  -,;,k...|  „„  this 

«'■"'""'  '■"■  '"•*" •  I""  il"'.v   luiM-  !,.„„  >i,i,.,,  !„,,„  ,,|,;i,„l„nr,|  with- 

"111    ali\    u..i-k    li;niiif    l,r.  n    ,| ,,i,    llicm. 

'''"•    '■'"■'^    '"    "■''''•''    •'"•    li^'K"-til Mr.*    i-    pv,.,A,.„i|,,.    ul.ich 

'"■'■"I"'-  •'  '"■''  '■'■'""  I  •■■  -'  'Mil,,  wi.l  ..xt,.|i,ll„ir  ir..,,,  Olivine 
iN"H„l„i„  -oii.l.wnnl  t,.  |,,„|,..,,„„.  ,n„iii„,,,„,  ,„|,|  |„.v,„|,|  ,|„„  for 
an   ii,il<ii,.\v,i  cli^taii.'c  in   th,.  ,aii,i-  liiri-clin,,. 

I'v.t.vwImt-  ihrouifl I   it,  |,,,m,|,  ,1a.  ,,vr...v„,t,.  ■•airu-  some 

mavncit.'  a^  a,i  oriHinal  conMitiiriii.  in  wiiii^h  ,.,igo  it  uroiir*  in 
rr.v-ialli/,.l  i.aliM.liial.  >,at,,. ,•,.,)  thronjih  tho  ro.^k.  In  corlnin 
plhr,.,.    l„,«vv,r.     III,.    ,|„aiility    .,(    nui^'nt'l  it,-    iiona-,-    lo    s,,,-),    ,,» 

extent     ilia,     ,l„.     m.-k   miu'h,    I la.,o,l   a.   a,i   ,„v   of   m.n.      S|,eh 

plaiv.   an-   at    r..uini,y-s  cabin   on   lljivin.'  i i„,aiii.   an. I   at    1,,,,!,.- 

Munv  niniinta;,,.  .\t  the.,,  placv,  il  o,Turs  in  .li,,rt,  iirffrnlar  veins 
or  in  lari:"  I.Mnrh,.-  i„  ,!„■  p.vro.xenitc,  tli..  wl„.|,.  having  a  Reneral 
'■•'-'  •""!  ^^'-1  "■'■'"I-  Tia-,-  l..i,ii,.s  ar.'  iini  .■,,n,H.r,,.,|  with  any 
^v-t,■m    nf    rrartiirr,    a, 1. 1    aro    not    spcondai  ij.v    .|cp...it,.,|,    la,t    ai'e 

prima, v   i-..,i,tit,i,.,i,,  of  ,!„■   r..rk   it.,.|f.     I.ik,-   tl lir-niite   in   the 

["■ri.|..lit.>,  tlio.v  .,r,.  I,a-ir  ^.urrnA  I  .ii,,  fnrii:,,,!  .jurinir  th.'  Couilng 
ol'  the  p.vro.xciito  iii.iLinia. 

.\ii   attcmpf    ha,   y,-t    I.,.,,,    mailo   t.i   .k-mun-i  i-al,-   ,| xteiit   of 

fho'^p  ili.posit,  M,  ,,,  |,i,.M.  thoir  valuf  a-  a  .■..ii.morrial  ,,iv  nf  iron. 
JiwlpiiiL'  mon-l.v  l,.v  what  i-  naturally  ,Np-.„,l.  ami  tho  iin-jriihirity 
of  til.  ,|i>tril.iiti.„i  ,.f  th..  h,..li,^.  in  th,  -,.  ,..Np., -,,,...-,  ,h,.y  louo  little 
pr("-(.,it   ..11,,!,,,.  r..iiil    \aliio, 

Cluomite. 

Chr.. ,11110   i-   an    ..\i,|,.   nf    ir.'ii    aiol   ..hr-miiiiii,   ami    i^   valuable 
for  it.^   .hr.imiin, ii,.iit,      Wlan    |,m|...   it   ....ntains   0>   jht  ...ent  of 
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■■'"""""      "■•■l"''M.I.-        >   r..  ,         I,.     |„.    ,,    ,,,,..     i„     I,,    ,.„,^,^, 

"■"''■'"■'"""■"■'■■*' M.-..ni.n    „i....„  :...  ,„  r  ..  a,   hn-nn.,,,,  

'""••'"'"       ''    "    '-'ll-  ' I'  i'l""    H,..    „...p,  ,.,.„.•,  ,.r.,M.,«   ,i,.„|. 

'"""   '"    •■"'(■'•■^■■l   t-  l.rur,    ,.    M|,  ,.     ,|„.   n.|'iir,..|   ^rn.l.- 

.         *''""|"""   '-   l-n..|.   in   .,11   „.,,.,-  ,„    ,1„.  w..,l,i.   .,1,„„.,   ..xrlusiv.lv 

'"    ""■■   '■'"■    "'    '^"'    '•■    l"-i-i.|nt,t..:     .,,„i    i„    ,|„.    Tul..„„.,„ 

''""■"■'     '    "   ■■'""i'"'l    '■■    'l„.   ,.,„i,-   furnuitioh.      Ii    I,,,-   heoM   sf  ,io,i 

"'"'   ■"''■■''^-  '"  '■■•  "■■'-r^ii^    .,,.,.,,,,.,1.  ,|„„   ,„   ,   „.,r„|,„iu,  ),    ,|,., 

""'"'•'"   '"" "  ■■'   ■■'"■■■' -   t-.M.|   „..„    ,1 .r  |„.r,|,,r..  u 

"'•''■"   '"   ^'    r.i""^-l,V    -H,,li    ;„„.„u,l    ,„    111,     ,.,,.,,,,1    ,.,,,■!-.      Tlii. 

""■'"   '■  "■'   '"""■ '    i"   'I-  -■> i  ll.p    r.lu, „..,.„  rUr ,1...  f.  ,    it 

n|.|..Mr-.  <•■  l„.  ..■,•, M.rr.l  ii,.|i.,-rii„|„iil,^ly  tlir..iii.'l,  „ii  il„.  ,„„..  ,,f  rl... 
''"'■'*•  '"'"'-'    I" "'    III    >.iiMiii.'  'lUiiMtity    I .ri;i;i,    .|„,t4  .,11.1   t.iti.l'v 

llli'C'l,'  u  i,i,.    :l|r.|. 

'"  ^ '"'   ''"•  ■iii'iiiii'i iirs   In   ll.f  Tul, ■,„   |.,.,i.|..iii,..    ,- 

■'"  ''■'■'—■■1-  •..i,-i,i,„.„i.  iircl  is  ..M.-ii  vImI,!,.  uhlv  ,11  Ihr  thill 
^'■'■"""'  '"  '  "  ■'  ■'-'■-  "  I'lM'-.tr-,  a*  iiii|i\i.|iial  Kiiiliis  ,s.-:itterr,| 
tlin.Mjfl,  il„    |„.n.l.,n,,     |,;,M,„i  .,  .Ty-Lilli.,..  ..r  -li^ihtly  r..i,.i,l..d  ou,- 

''"•'■     '"  •"'"■'"  I''^ -    '   -.I'l'-.ir-  ;i>  -lioii   inru„h,r  v.-i,,-  ,,r  irrPKul  n- 

"'""'•'    "1'    '"    '   "I    •■'    iii'li--    Hi   •liaiiiri.r.       Tl,,.   ,,,,,.    ;.,rv    „    width 

t'lMiM  II   Irarli,,,,   I,,,  |.,  ,„„.   ,,„.h   i,|   wi.lll,   ;,„.l  „r,    ,„,,   ii„ii,„n  i.,r 

liiiitiy  iii.'li.'S.  Th,.  l„.m„lari.-  ..f  |1„..,,  vriim  „r,  i,.,i  .I.Mrl.v  .Iclit,.  ,1 
II. T  aro  ttu.y  n^uiilm-.  Tli.\v  ,iiv  ,„.i  r,,„iir..t,.,|  «;,1,  „„>  -v-Imh  ..! 
rra.-.iirii,«  ainl   liau'  ii,.   ii..,i-!,,.,l   ,,.,:'-.,n,rry   „('  ,t,ii,,., 

Tl,.>  cliruiiiiu.  j,  ir.,M  i,|„.k   i, I,,„r  aii.l  ha-  ;,  i„,;:l,i.  ii.iali;,. 

'"-"■'■■      'ii    '!■'■   llili"  ~.'''fi-M   ::    i-  .|iiil''  -pa. ill,-,      li    :-   -lijfhily   i,;ai;- 

iiitic,  .iiul   i-   vi  ry   ,i'.i^i.iiii    I,,  ,| iii|'..-iii,,n. 

It    is    iiiNT.-tiii;,'    In    iiMi,-    that    iilatlniiiii    i>    .•l"-.-l\     a,-.iriati  I 

"''''    '' lii'-iin'.-.    ai„i    >n,,„.   ,,|    ,|„,    I,,,,    ,,-a.v..    f,.,-    |.|,,,inuni    has- 

'"■'■II  "I'laiiir.l  lr..iii  l.iii,.-li,..  .,1  ,  III,, mil,,  ill  ,1,,.  ,„.,i,|,,,i,,..  I,  ^y.,, 
t'r.,111  -  ,,.|i  1,1111, .1,,.^  ;,|„,  i|,,i,  ii„.  ,|i.,,i,  ,11  I,  ,,f  ,|,i.  .|;.,ri,.!  vvpr- 
nl'lailR'll. 

Fr-iu  its  HI,,,!,.  ,,l   uiivi,,-,.  ih,.  , .111-,, mil,,  j,  ,.;,  arly  .,   primars 

ii.iiicral  ill  tlie  p.>ri,l,,|  ii,.,  ai„l  l,.i-  ii,,t  1m.,.ii  iiii|.,„l,i,-,,,|  at  a  Int,  r 
I'rii,.,!  th.iii  tl„.  ,.,,ii..,|i,hiti,.n  ,,|'  ih,.  r<„.]^.      Ii   i.  ;,  l.n-i,.  si.irn.paf i,.ii 

in   the  peri, I, .tit,,   maun, a.  an. I   ua-   f.,rm,.|   ,ii    lii,    li |    fti,.  fo,.!- 

inir  ot'  til,;.  r,i.'k    t'r..iM    I'n-i.n. 

A   li'W  iiiiii,.r:il  ..Jaiin-   i.in,.  I,,.,.,,   -la!,,-!    I \,r   'li,.  iiiit.T,.p    •( 
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thr    clil-.il.litr    Ijn.li,-.         I'll. -I'    .■hiiiii-    ;|f,.    -till    l.rili!.'    lirl.l.    liut    not    :l 
j;nMl   ilfiil   ■'!'  iliv  cl^iiniriit    w.iik   lia-   Imtii   i|..ih'  mi   tliriii. 


Molybdenite. 

MolylMli.iill.'  is  a  siilphiilr  nl  iihil.v  ImIiuhii;  ami  i-  ■■\\r  "l'  tin'  two 
liiilU'raU  iiscil  ruiiiirrnialiv  as  a  -oiirc'c  ni  lhi>  iiirlal  iiinlylHlciuMii. 
tlio  other  ln'iiit,'  'i»'  l<'ail  iir..l\  iHiati'.  \vull'iiiili\  It  i-  tniiinl  in  tin' 
'I'lilaiiu'tii  ii|stri.-t  ill  tw.i  ,i'|iarat(!  IniMlitii's.  oni'  -ituatnl  at  liiilr- 
IM'tidc'iiCi'  i'airi|i  mi  llic  licailwali-r-  "f  lic-av  i-ri'ck,  ami  ihi'  I'lln'i-  near 
tlii»  iiiiiiitli  111  ( 'liaiii|iiiiii  I'lrck.  At  till'  Ini'iiii'i'  liM'nlit.\  it  (ii'c'iii- 
sparintrly  (lissriiiliiatiii  in  iiiiiuili'  |iartir!i'~  lliruiiuliuut  a  i^ranii 
lii'i-plivr.v  aiiil  i-  'if  litlir  -iiiiiilii-atii'c.  At  Cliaii  piini  iTci'k  it  iniiii- 
111  Tr  aliuiiilaiitlv.  anil   sntm'  il('M'lii|iiMrnt   uurk  lias  Imcii  ilni n  tin- 

(l.|..isitS. 

Till'  (ic|iii-its  nil  ('liaiii|ili.ii  iiTi'k  ail-  -itiiati'il  iii-ar  tin-  niuiitli 
ol  iln'  strpain,  ami  arc  i'miml  In-r.  ami  tlii'ii-  t'.ir  a  ili-tami'  nl  nearly 
a  mill'  ii|i  tlir  i-iiiii'sc  111  till'  -tnaiii.  In  llii-  icfrii'ii  I'.aiilr  f.'rami- 
ili^iriti'  i-  iiilnisivp  intii  tin-  r.n'ks  nt'  tlii'  riilaiiiiTii  ^rrniiii,  wliii-li 
liiTi'  rciii-ists  of  I'lildfiti'  ami  nira  -iliisis  ami  sniiii'  lin.i'-inm'.  Those 
r■■l■i^s  ilip  Invvar^ls  tin:  I'.ayli'  •^i-aii.iili,,ritc  Ivinu  mi  llii'  wi-l.  ami  are 
I'liii'tratrii  almi;.'  tlii'ir  |ilaiir-  nj  -tral  itirat  imi  "V  -cliistu^ity  by  inaiiy 
ii|in|iliy~rs  I'rmii  the  {.'ramnli'.rilv.  Miii'h  c-mitait  iiu'tati.nriiliisni  has 
liri'ii  I'rt'ei'tril  liy  till'  yi'amiilinriii'  inlnislnii  aii'l  with  an  alminlanf 
ilrM'liipini'iit  I't  till'  iisual  i-niiiai-t  im'tan.urpliii'  iiiimrals  in  the 
inrrmli'il  rni'ks.  Smiii'  (|iiarl/  vein-,  '^riii'rally  ..!'  -mall  ~\/.f.  also 
traviT-i'   till'   -I'hists   ami   liim-lmii-. 

'I'lii.'  imilyl.ilcnili'  nri-ur-  in  -mall  llaki-  ami  -lalr-,  having'  a 
lii'ifilit  iiii'tnllii-  lu-ti'i'  ami  a  li-ail  L;n  >  i'  sliylitly  liliiisli  mlmii'.  It 
i-  si-alti'rril  plciitit'nliy  in  -mall  parliili's  tlirmi(;limit  a  ;;aiit;iii'  rmi- 
si-liiig  (if  <|iiart/,  «:arti('l.  rpiilntc.  hiTiilili'inlf,  iiml  iiyrnMiii'.  It  i.- 
srcn.  ill  thin  scctimi.  In  In'  inli'i'Ki'""  ii  with  llir-r  niinm-al-  in  sui'li 
a  way  iis  to  iinlii-ali'  i iitrniporaiirmis  urifiiii. 

The  (h'po-its  are  cleiirK  •<(  I'liiitai-t  inelaiiioriiirh'  'iri«iii.  ami 
wi-ri'  I'liniicil  liy  anil  at  the  linn'  of  the  iiilni-ion  of  the  Haglo 
Ki'aniitiiorite.  The  as-ociati'il  iijiicrals  iii.licatc  that  tlir  '.oek  in 
which  the  inolyl-imiiti'  miair-  was  orifrinally  a  liincstoiic  whirh.  mi 
the  intrusion  of  the  uranoiliorite.  hail  it-  eonstitnents  altered  from 
ciirhouates  to  silicate-  hy  a  procc-s  of  nietasmiiatie  replaeeinent,  the 


[rr::i9^  •:s:> 


M-^'i  fA 


Tri,A\ii:i..\   i,i.si  i;i,  I 


".";"'""■'  "■   '"■'"-    ii,n-..,lM.,.,l    ini..     li,..     |,„.rM:-i„-    .,1..,,-     ^u;h     I',. 
siliiM    ulnrli    Kvu\    In    I',, rill    111,'    I;ni.-    -ill-    ', 

,      ''■'"■  ^^'' '■^'   ""■l>l"i"-nt.'.l.-      -  .   .„,,   „!,   ,,,...     II,,  ,,,.,.  ,,i,|, 

"'"'•'■    ''"■    '"'"-'■^'1    '-"    !"■    '-M-n     ■        ■•   „;,    .    ,,        „„!v| „i,„ 

'"■'■'"■-   ■"   '^""^"  '"""'^   "I'i'-li   ''^"i    I.    !.    .1   ,.;,. i,    ,„,.,„.  ,iij,i,„l. 

'"     "'"'     ■''     -^"istarl,.,-v    ii,.,h,„|    „,■     ,,,.::.,    f,  „„    ;,.    ,,„^,„, 

' ^-''    ';""'    "'I    ll'":'l>-n    l.n'l    -tan,-   rU;-Uu-    ,,„., -    :,,-,.   ..hi|||,,,i    ,.. 

'"'  '■"'••'•'i^>'-     'I'l ■■■'nr-i in   i|„.    I,,!.,, ,,   ,|i,i,-i,-t    i-   „„   sii.h 

"'■"    ''"■   "lin.-ral    ,-m„    I,,   |,;,,„|    |,i,|,,  ,1.    ;  |„. ,,.,,„,.,    if    , i,,|„„i,.    „.■ 

'"  '"     "'ili^--'!   ■■>'.    |';v„nl    ..,,,.  ,,,.  ,,,|„,    ...    Ill,  al..,v,   ,„,,1„„1- 
im1..,,i,.,I. 


i-t   lie 


Asbestos. 

'•""""■•■'■'•''    ^'~l"-l'-    ■!■ .1-    ,.iv   1... ,1,1m,!    t.-    il,..    ..livii,..   1,,-ar. 

'""'  '''•''^-'  "'  '!"■  I"i-i.|,.,i!,-  lainiK.  :,„,!  ||,,  :,,  .^uMi^  ..f  m-^IknI.h 
fil>n-  i-  l,.„,„|  in  ih,  ,-,„.k.  ,,r  ,1,;,  c.^n.iiv,  uKi,-!,  ,■,„,-,-,  ul„,lly  .f 
"''''"'■  I''"'  ■I'iiliiii.ci,  |«aa,|,,iii,  ,.„,M.t.  ,-„.inlall,v  ,,t  olivin.' 
with  a  varyii,,;  tlin,,i;l,  alwa.v-  li,,,ii,.,|  an,..m,i  ,,f  ,-l,rui,,ii,.,  Ovrr  a 
grral  i.M-i  ,,r  i|.  area  n..  rlii-,,inii  ran  1.,-  ,l,.i,..a,-,l  ,n  ili.-  p,  ri.i.a  it,., 
'"'"'  "!i>Hir  i.  III,.  „„ly  r,,n-.titi,.ni.  S,,,h  „  ,■,,,!,  |,,n,i.  iho  nv>-< 
fiiv-iMral.!..   nniirix  •■(  lii-h   -i-a,i,.  asl„-t,,-.  ,,,■  ,lirv~,,!  il,. 

In  li„  |.r..r,-.  ,,f  the  Inrniali.a,  ..!  a-l"M-  il„  ;.,  ia,|,,t  iu-  lir-' 
iilt.T-  In  -...rpontiiK.  ill  wl,i,l,  |,n,,,,,<  ,|„  ,,,,1,  ,.||,,,,  ,,,,  .,i„,,,,  -,4 
pi  1-  i,a,t  ,,r  watiT  and  inrrra-r-  .■..rn-n-n.liiiiil.v  in  v,.!,,,,,,.,  l.atci-, 
a-l.,-l..-  I',, nil-  in  ll„  >,riMa,l  iiii/nl  i-M,k  .1-  narr-w  :,■„■-.  ami  it  i- 
'"■'"'^'■'1    '"    '"'    iiiiTcl.v    a    .■ry-laili/r.l    Imihi    .iI    i|„    Mi-p.  nlinr,      'Hi,- 

Miialitv  ,,r  the  aslK-lo-.  lil.r,'  .|..|>,n,K  ,,   ii-  l,n.n.>-,  l!,\il.ii:i,x .  an.i 

Irn-il,  -Iri'imlli.  and   I,,   a   li'.,rr  cm,,,!   ,.,,    ii-   1,11-1!,,      Tl, mmci- 

lia!  impi.rlan.-i.  ,,|  an  a~l.,-t.w  d,p..~it  i-  -,,v,ri„-d  l,y  il,r  -,/,>  of  tin 
■-.•rpoiitiin-  l)odv  .iiid  the  |ir..p..rl  i..n  li..i-n,  l,y  the  vein-  I,,  ih,  nui- 
ol'  the  rcirli. 

'  I"'  Tiilaini,!,  pi  i'idni,h-  I-  I,.. I  i,iiir,.Miily  ali.ird  ll,r.M,;;ln)ii! 
r.i  -crpnitiiio.  and  indccil  in  purl,  .,f  ll,.-  iiiao  il  -lill  nmsiHts  of  tlu> 
f|-.-!i  iin;ili,n",l  nlivinc.  In  pla,',-,  li.)w,\,r,  it  !ia>  lH.,',iini>  c.iin- 
pli  Ifly  altcri'd  In  a  d,irli  irrc-n  -iM'pc'iii  inr,  mnl  in  ~,ii'li  places  a^lio-- 
lii-    v-'in-   have   Uvii   l.Tinrd, 

.v..   attoinpl    lia-   yet    l,,.,,^    mad.-   tn    pr.i-i| 1     tin-     rrui.pn     for 

n-l.o^t..-.  SI.  llnit  the  ,i-l.,-i.,-.  \,in-  niM,d  un-c  nic'ridy  th<w(>  whirl, 
oilier.. ppcd   iialiirnlly  ,,11   tlio  -nrtac,.,     'I'!„   vi'iiw   run   in   in.   miif.irn 
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iiirM-n"ii.  I'll!  ai'i'iMr  !•!  iHTtei'  i-i  luiin  i  a-i  an. I  \vi -t  liii. -.  'I'lio-e 
oiitiT..|.i  sii;  ..II  till  Mii't'ni',.  ;iri.  -iiiall  aii.l  ii..t  ii;iiiii'r.Mi-.  'I'lic  width 
v.-iriis  Ir.'iii  iiiii'-f.iiirlh  nt'  an  imh  ilcwn  t..  a  ni.'i'.-  iKrrail.  I'lii  lii.r'. 
n-  in  all  viin-  of  i,'.....!  a-lii-.t..-.  riin~  a^'i'..--  tin.  vein  Ironi  wall  to 
wall.  'I'lio  .■.il.'iir  I.I  ilic-  \i  in  i-  uli-ii  nini;  lit;hl  t;ri-i!i,  and  tlif  lil.re 
i-  fine  anil  apinar-  tn  liaM-  I'l.n-iiltfalplr  liri-ili.  -trrnirih. 

An.iiliiT   \ai'iil,v   (i|    a-lii's|i..-   i-   f Ill    in    llir  )i\  r..\initi'   aiiil    in 

certain  in.iiiitc  I'l.rliun^  i.l'  lla-  inTi.l'ii  ilc.  'I'lii-  lia-  Lccn  I'ornicil  'V 
the  allcralii.n  ni'  iiyr..xrnc',  ami  I'Miilains  a  tibn'  wiiirli  i?  nrar-i-  an'l 
l.rilllc.       1  lii^   \ariftv    lia-   n..   i-nniniiT'-ial    valm    wliaiiM-r. 


Coal. 


IN  Mliihl   c    loliV    >1  Ali;\ll.\T. 

('...i!  .ii-i-iiiv-  in  till'  Tiilain  111  ili-lri.'t  in  a  >inali  '.a-in  wlii.-li  lia- 
l.ciii  rt-lerrcil  to  by  iiiLiiiHt  i-  ami  iitli.r?  a-  llir  'riil.in.iin  rnal  lia-in, 
till'  •■ranilc  ('ri'ck  i-nal  lia>in.  m-  ('ollins  (iiilrli  .-..^,1  !.a-iii,  I  la' 
la-i  iW'i  naiiii-'  wcit  i.riyinally  apiilini  tci  iintrrnp-  <■(  r.ial  scam-  in 
n\..  -ii.arnt*'  Im-alitii's:.  ainl  -in.'-,  ilmiiif.'  tlif  |iri~Mit  inv. -iii;ai  i.  n-. 
till,  iw.i  lni-ilitii->  wiTc  I'lHiml  1.1  l,|.  part-  r.f  tlii'  >anii-  I. a-in.  it  srcliis 
ail\  i-al'li'  to  iliM-iinl  lu.th  naim-,  nlainini.'  llir  lir-i  nana-  tlir  Tiilil- 
niiin  I'lial  lia-in-  Im'  llic  uliuli'  liiM. 

Allliiiugli  lliis  pall  i.t  till'  Tiilanu'i'ii  lii-lra-l  ha-  bi'cii  wi'U 
kiiiiUii  til  pl■u^p^•^|..^-  ^inii'  ihr  liinr  i.|  tin  t;"i'l  ili-'. '\ t':y  in  (Iranite 
iTcrk  in  1S.-N,'.,  ami  ihiaiiih  tin  ■  iitrri.p  nl'  loal  in  t'oilin-  .i;uli-h  must 
lia\r  l.ii'ii  ipiitf  fviili'ni  to  an\..ii  tr.i\cllini;-  thf  li  I  i.t  thai  -tnaiu, 
III.  iittoinpt  si'i'ins  to  have  hi  en  iiiailo  until  ipiiti'  rt'i-i.'ntl\  to  pro^jioct 
till  hasin  or  to  cli-toi-niiiio  il-  area.  Son.i  ooal  ha^  aniiiiaily  U'en 
extractfil  fr.an  iho  ('nllin-  (iiilrli  i.uP-i-iip  Im'  a  iiinnlii-r  i,\  .M^ars, 
but  np  to  llir  pn-iul  ihiTi.  h.i-  l.r.u  in.  iliinanii  tir  ii,  ami  what 
wa?  taken  ua-i  nion  iy  siitlii-niit  i..  -apply  ihc  n.i-il-  <•]  ilio  owiuT, 
Thomas  liabhilt.  Seven  "V  ciiilit  year-  afio  eoal  wa-  .li-i-nvered  on 
the  t.ranite  Crifk  side  i.f  the  hasiii,  ainl  -lu.rPy  alP  r  li:e  i^iinle  ti.ld 
was  taken   up  in  eoal  claim-.      The-e  eiaiiiir,  were  iheii   l...iiiled  to  the 

I'.il      Syn.li.-alc.      and      - . level.. pnn-nl       w..i'k      \>a-      ikihe,     out 

the  i.plii.ii  expired  willioiil  the  ^^lldil■atf'  leiyintr  up  the  i-hiims. 
Almost  the  whole  hasiu  i-  le  \v  uwiie.l  hy  'he  ('..linihia  •■.■a!  and 
l\ike  ti.inp.my,  whieli    i-  pri-i«'et in:;    il    \iL    i'..M-i>. 


tA'  i^l-i;?:!:; 


11    I.AMK;  |,|m  i;],     ,  ,    i;.    ,-. 


17:; 


'^'■"  '■''•'  '"'"'<■'«  .4  P:,.  ii,  II  ,-  MM, I,.  ,,v   n-    F,  i;,,i„. ,.,„,„  j,, 


1;-|  •■r!     ••!'     t'  .•     I ; 
m-'Miiiii    i.  ■j]u\,    111   tl 


Ml     >'!|n'.A-     111      I'm.,    ;|,,,|      I 
■'■I'liiiiirv    i;,  |„.|-i    :,,,.    |;iii;) 


1, '■•!■•■     f\1 


''li'T   hM<.   ,,(•   111,,   .livi'l,'.    in    tlr 


'■''"■   '■"^''    '■'■'■'    ''"^    i"    i''^'   --'l„M-i    ,.,,n„.|-   ,,,■   ,|u-   .iri.n    rovored 
*;■■  ''"■J"i^""-ii   Hi,i|..  lur'ly   In   th..  .Ininnig..  hiwin,  ,,|    ,„l|i,„  ami 
fi':i-.T   -iilrl.,.    ;,n.|    nariiv    .,n    th,.    othrr   .1,1,. 
I':i-in    ol'   ( ii-iinito   crci'u. 

'■''"■    ''^'~'"    '-    ' -I'l^-    "^^'1    i"    ^l-l'-.    I.:uiny      it-      l,„in,.,     ,,i, 

rnnnin.   n,„.,|,w,.-,   ,.„i,l  ..„i|„.,m.     1„   ,1„,  ,|i,.,.,,i„„   i,   I,,,  ^  length 

ol    Mfiirly  ■■.\   inii,.,,  whll,.   it.  i,,viii,.-t   wiiltii    i-  i,l -   -  ■    ,ni|..s      Tht' 

'"■^■-'     '■'■^'•■■-"i     '■>      ll."   .-.,.1    I'raritn;    ro..k-    i-    :;,7,m,    „.r,„.    „n,|    that 
'■"^■'■'■■■''    l'^-    ' ^'1    i'-!'    i'^'^    1 n    ..,l.-.i!:.l,.,l    a.    :;,^:,1    a,-,v,.      Of 

"'"-■  '■"^''  '■"•■■'■  l"'^^-'^"'--  l."T"  ^'■T-  ,Mv  ,.,^,.f,..i  |,y  a   ,!,.«.  ,,l   ^,,l,,,nic 
lava. 


Ai 


111--1    all   ■■!    Ml. 


1  i-  iii.-lii.|,'.l  m  .-l-iii  r,,a!  .■laiin-.  ,.a,-l,  ,„,,. 
ot  wl,i,-li  ,,  a  mil,.  -,|i,ar...  >is  ,a|i,.,-  ,■  -al  ,laiii,-  |,av..  I„.,.„  -iak,.,|, 
'''"   ''"■>■  i^'    1""-'!^    ..at-i.,.-   :!„■  Iimii-  .•(  lii,.  pr,„i,„.i  Iv,.  ii,.M 

Small  Mi-lniior-  ^f  ,.,,al,  a"...-iat.  ■!  willi  -ami-;,,,:...  ar,.  kiinvvii 
'"  •■"'•'■"I'  ill  (  ,',lar  .'iv,-!,  ami  in  lijair  ,iv,k  ..n  ili,.  i„,rtli  si,l,.  ,,f 
♦'"■  ■''"l"i'"'''ii   riv,!-.  ami   ivall.v   I,  ,;„.,   ,,r  ,|„,  ,,,,,!,,   |,,,.i„.     Tli..ir 

''"''■'^"'-*-    '"    -■    ~"'^'li-    i"iuv^,a■  |,r..l.al,!,.    qianrirv    ,,|    m-A 

""   '''"''^'^1   t''"'    '''"'>•  ''^"-   n„l    i.,  ,|,.,|   ..,,    ,1„,  .,,,l,.oi,.al   ,„„,, 

''"''•''"    ''"■    ■"■'■■'    •■■'l"Mi,.,l    ,1-   .-..al      ..ariiiL;       Th,'   .. ann^x;. a,   ..f   tli.-c 

>■"■'-"  "'"'i  '1 "^li  ''.i-iii  li^i-  ali-aily  luvii  ,!,■-. Tihp.l  ..n  pau,-  «:  ami 

iM,  aiai   n,.,-,i  11, It  I,,,  f   !'.  I-,-,  ,1   t..  a2-ain. 


l'||',,ia:Ai'ji  V. 

'''"■   --i'-'ali-n    ,,1'   ll al    ti,.!,l    ,,„    tn,.   ,livi,l,.   l,eHv,-,'n    Cranlio 

"-■' '^   •""'   -"■•'■nil-.   Iliiwiiif,'   ill    ill,.   •|"iilaiii,.,Mi   riv,a-   make-    it    ,ii;lifailt 

I'l  a<-,a-:<-^  l..r  niinin,::,  ami  ll,,'  i,,p,,-rai.i  ,,f  ilio  liekl  a'M-  -,,ii.,- 
what  t,.  liiai  ,li.ti,'ulty.  Tli..  li,.!,l  |,a.  a  ,.•,.;  rapliy  ,-liai-a,-tri  i^tif  ,,f 
th,^  ni.p'T  l,.v,.U  ,.(  ,i„.  Intiai,,,-  I'lal.'aii  n-i,,,,,  Til,,  sinntnits  of 
tli,'  hill-  aiv  i'..amh.,l  an  I  ili.'  -i.,|>,^^  t'r..in  lli,.iii  i;,!,)!,-.  I  li,>  liishe^t 
IH'inr    in    th.-   ha-in    lia.^   an    cl-'vatkai    ,,f   lMi«1    l.vt    ab.-.v,-   TuIaiiuM'ti 

'■  Aiiiiiial  li.|-..it.  \Ii!ii-i..i  ,-1  Mill.--,  H(    .  ladi 
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river  ;it  dr. mill'  c-riM^k,  .iii.l  ihf  lowi^t  imiiit  :U  whii-li  eoiil  .mtrrops 
is  111  Collins  Kiil'li.  wiitTt;  tlitTi-  i-  ;i  ilirt'croiire  of  '«."iO  fei't  in  liiMffht 
between   that    point   luu'    ruliiiiHeii    river. 

It  i?  iii;p..-sililo  to  olitiiiii  ii<-ee->  i(r  ilie  coal  liiHiii  iiy  iinv  valley 
with  an  eii^y  tirade,  beeai.so  ii  lie-  at  the  hei'-'  iati>rs  f  the  streams 
:inil  all  of  them  have  Mffp  )irs\>\'u'ur:t  ilown  to  the  master  -Inaici 
whieji  j.  'I'lilaiiieen  river.  (Ulliiis  yiilch  ri>e-!  .lear  the  centre  of  the 
lia»in  aji<i  llows  iiorthwanl  throuj;li  it,  across  tlie  strike  of  the  rocks. 
Fraser  jriilch  aUo  cuts  tiii'  ba-in  Jor  about  a  mile  and  flow-  ..ut  of  it 
towartls  the  north.  Tli(>  North  Fork  of  (iraiiite  i-reek  cut-  iliroimh 
tlie  southwest  bonier  <jf  the  ba-iii  and  Hows  in  it  for  ahoiii  a  uiilc. 
These  crocks,  and  -■oii;e  of  il»-ir  tributaries,  are  the  only  -tnams 
wliicli  How  throiitrh  ilic  .oal  liasiu,  and  all  of  tl'nni  have  relatively 
small  valleys,  -o  that  they  <|o  not  expose  very  good  section-  of  the 
rcH'ks. 

OwiiifT  partly  to  the  -oftiic-s  of  the  ineiiibers  of  the  coal  hearing 
series,  outcrop^  of  -(di<l  rock  are  very  rare,  and  except  in  a  few 
pli.ces  in.  the  streain  lied-,  the  whole  basin  is  coverc(l  with  drift. 
It  is  also  alii:o.sr  all  covered  with  a  forest  fifowth.  which  a--i-ts  in 
di^gii       iir  the  charaete-r  and  -trr.cture  of  the  rocks. 

I.      U.iK.N. 

.^  I  ml  i:/ra.iili, I/.  'T\ii al   beariii;;   rocks  of   this   lield   are  of  Oli- 

y-oceiie  age.  ami  lia\e  been  correlated  by  their  I'ossiLs  with  the 
Coldwatcr  -eric-  of  Princeton.  Xicola,  and  Kamloops.  They  part  in 
re?t  iiiiconformably  on  volcanic  roi'ks  of  Triassic  age,  and  in  part 
conforinal>ly  on  xnlcanic  rocks  of  <)ligo<'i'no  ago  which  have  been 
called  the  Cedar  volcanic  -eric-.  Some  i>f  the  lower  nieiniiers  of  tho 
coal  bearing  rock^  a.-e  int.rcalated,  on  the  western  side  of  tlie  basin, 
with  the  Upper  I'art  of  the  Cedar  volcanic  series,  hut  those  same 
uiembcrs  are  ..n  iho  casti'rn  part  of  die  ba-iii.  joined  with  the  main 
body  of  the  coal  bearing  -cric>.  .\lionl  one-third  of  the  wliole  hasin 
i-  covi'rcil   uncoiiforinably  by  a  volcanic  llow  of  olivine  basalt. 

The  total  thickness  of  'lie  coal  bearing  rocks,  a-  mca-iired  in  a 
sec;  ion  along  (idlins  gulch,  is  less  than  l*.,")H(»  feet.  This  section  ia 
sliown  in  an  .iccoinpanyini;-  tignre  (Fig.  J).  In  this  six-tion  the 
wliide  -erics  can  U'  ilivided  roughly  into  three  groups.  The  lowest 
group,  measuring  H<X»  feet  in  thickness,  is  composed  of  sandstonea, 
witli  which  are  interbeddc'l   a   few  thin  bands  of  shale.     The  middle 
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Rr..u|,  i>  ,n;,.|,.  u|.  ..,  |.;n  ,,,  ,  ,.|  ,,.,,.  ri.-;]..  >iKn,.,  «,.,.  ,n  tin-  ^r..:n 
'"•  '!"■  pniH  ,,..1  ,-„:,l  „..„,-.     Ti„.  up,.,.,,  pan  ,.1   'h,.  scoti„n  .-muius 

"    l"''l-n.lri-:.iir,.  .,t   .^n.Ul..,,,-.  ■amI,  ulu,-],  an-  n.-.n;i„to;l  s thin 

-iuil.'   l.iuiWs   an. I    Im-.U   ,,r   .■,,„i;l.,i,Mral... 

'■'■'""    •'"    '"'"■■mi-    l-iiit    ..I    vi.  .V    iIk-    niMM    importai.i    ,,t    the 

,''""'•'■  ''•■""l"  '-  ''"■  "  i'''l'' •  '■■■•  n.   it  1,._.  ,i,o  principal  coal  M'ams. 

Ih.-  -h.il,-  uhi.il  ,-,.n,p..M-  thi-  ;;r.ii,.,  aiv  uyy  tissile  uii.l  split  oasilv 
""■'  "'ir.  l.hu,.-.  Th,.,v  ar.,  ,la,i  ...,h.ur,.,|  u,.  t-r,.,-,h  fnt-fa.-o..  but 
"tiH,  uvath..-  wh,t„l,  wla.f,  f„,v  „u„Top.  They  .„„,ain  many 
phu:t  r.'n.am-  whi.h  havr  .,.,„■.{  p,  i.K.ntify  tlirir  ,.(;,.  a.  Oligo'- 
cen<\ 

Tw..   .-...il    -,an,-    in    thi>    -r.,up,   rxp„M.,|    i„    ih,.   h,.,i    ,,l    C.llins 

^"'■'■''-  ^'"■"'  ^'  '' •  ■""!  >■■  "I  .•.,n,|..,-,.,|  „l-  -hale.     In  what   ,-  !„.li<.vp,i 

t..  hu  th."  -a:i,..  l„iri/,„i>  ..n  th,-  -..ulh  .-hlo  uf  the  l.a^iii.  thr  i:,..(  ami 
ri.....   an.  al-.,  shair,  l.,it   th,.  -hal,.  i-  ^miowhat  in,,re  sandy. 

In  th,-  !.„v,T  „i-  til,.  tu„  .■„al  l,„i-i,„ns  ..u  th,.  ^jiith  si.l,-  .,t  the 
hasin  the  serti.iii  i..\p.,-,.,i  in  the  workings  sh..H>  .".i,  feet  ..I  .'lean 
e..al  re.tins-  „n  slial,  .  .Vhuve  that  i-  4  iVet  ..f  impure  ,-.,al.  an,l 
iihov,.  that  af;aiii  f„r  ,-,(i  l,vt  aiv  ihin  M-ani-  „f  , -al  interbed,!,-,!  with 
elay  nr  -an,!. 

Til,,  upper  ..f  the  iw.,  ,-.,al  h..ri/..,ii-  at  the  sain,,  phuv  .|„.w,  iJa- 
f.. II. .win,:;  -.•,ti..n   lv.,!n  l..p  t..  h,,tt..m  ■<(  a  r.ii-    in   .V,,.  -j  nniiK-l:— 

-K,   HON  IS   .NO.  1'  rr.Wt.l..  ,iR.\M  :  I     ,1(1. IK.  j  ,.,.,  |n,|,,.~ 

Mii-ily  -aiid-t.iiiL'  with  thin  -,:ii,i.-.  .,f  ,•,«!  ., . 

Clay...  ;;;;;:; -,■ 

(.'.)al  will,  I  l;i\   |iarlin)is  T,  ' 

Cluv...  ■'  y 

Coal    .  f 

Clay  ..  * 

linpuiv  .-..al..  "  .  •> 

C .  ' 

Clav  ..  '  I 

Cl,:",n  ,-.«!  ,.  - 

<  .i.il  with  .laN  liallinK-                                                                                                     ,  " 

•lay..  *  ' 

«  iMy  ^  f  0 

CU.an,.«,l  ■  :  :  5  0 

'''"^■'' .  m  o~ 

On  the  same  ^i,le  vf  th,.  ha-in  a  tliinl  ,-„al  In.rizoii.  e,.ntaining 
a  g.Mxl  .-,-aiii  fif  w,irkabk.  ,-eal.  i-  sai.l  l,i  uiiderli,.  the  hiwer  of  the 
,il.,.vi-ni,.|ili.iii,..l   li..ri/..ii-.  l.M    it-  ..ut.T..p  .-..ul.l   ii..t    1.^  l',,un,i. 
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III  llio  U|)|i.M-  iiriiii|i  .,r  til"  lli,(>c  into  whirl!  llit;  \vti;il.'  -crii-s 
li:i-  I'liii  ili\ii!i'.l  till'  |.i(.'viiiliny  ruck  i-s  saiiil-toiie.    On  Colliin  (iiileh 

ii   ('ciiiiin    sliulc   biiiiil    ill   tiii-i   .L:nin| iifiiins   iiiniiy   coal   inarkiius, 

an. I  Mil  the  S..111I1  -i'lc  mI'  the  liasin  a  aiiiall  ciial  >lmiii  ii  exp"5i.'il. 
wliicli   is   pri.liiil.ly    ill    till-  -aiiie  liori/..i|i. 

riio  ii'.i'-l  ciiiiplcic  ^I'.'iii.u  -iliiiuiiiy  ilic  cnal  liaji  lit'cii  exposed 
li.v  pr..-pi'ct  ill)!  iiprraii'iii^  nil  till'  .-.until  >iiii:  ol'  the  busiii.  I'liis,  a< 
aln-a.i.v  imiicaicil,  .-li.nv-i  iiriu-  -tcaiiw  nt'  workable  coal,  tJJ,  .'!,  5,  ari'l 
."i  fret.  r»-pictiv.-l,v.  in  wiilili.  niakiiiK  an  ayjrrcKatu  tliickiie^s  of  2ll 
fnr.  I'lic  rcpMi-ici  .■..;il  h.ni/nii  below  ami  tliu  uppermost  seam  of 
all,  uliicb  may  p.i-<ibl>  ilcvdop  into  a  workable  -cum,  might  be 
a.|.|c(|  1.1  the  c-iiiiKitc  ni  the  totai  thickness  of  ciai  in  the  basin, 
Icit  li.r  the  prc-cnl  the  estimate  of  quantity  of  coal  in  this  tlekl 
^lllllll^i  lie  l>a-ci|  merely  on  the  known  :iO  ftt't  of  thickiu'ss. 

The  1..1.1I  area  eovi'fci!  by  the  coal  bearing;  roeks  is  about  liJOO 
iicrc^.  Ily  fellMwin-  out  the  ■ini'-rop  of  the  coal  seams  it  has  been 
f>tiinaieil  iluii  :i,:.'."it  acres  in  tic-  coal  basin  are  co%"ered  by  coal. 
I're.-iiiiiinu-  that  the  Jo  feet  i.l'  w.  rkable  coal  exposed  on  the  south 
^!de  extend-  ever  the  uli.ile  basin,  and  Cniimai  ins;  l.oiN)  tona  of 
mineable  ce;i|  1,,  tiie  acre,  tinie  are  in  llii-  lield  over  (;."),OiM),(HiO  tens 
that  can  'm>  exiraeled.  Tlii-  total  (|iiantity  of  cual  in  the  basin, 
]ii.\M  ver.   ni:i>    tireally   exci'd    this   fiLTiire. 

.s/, ,/- //ir.  .  'I'lie  enal  hiMriii};  recks  are  e--eiiti;i]|y  -cdinientary 
in  oriuin.  ami  must,  thercfei-e,  have  been  dejuL-itid  in  a  horizontal 
or  aiipiexiiiiately  hoii/eiital  altitude.  Thiur  -truciure  imw,  how- 
ever, i-  ihal  el  a  synclinal  b.isin  liiivinj;'  it-  loiiL'cr  axis  runniii!; 
almu-t  northwest  and  sentiieast.  Or  the  seiithwcst  side  of  the 
ha-in  llic  di|is  nf  the  le<l.-  are  in  ceneral  tow.'rds  the  nerthea-t  :  ;ind 
on  tlie  northeast  side  they  are  towards  the  snithwcst.  These  dips 
vary  trnm  -<*  defrrw's  I'l'  to  ~iK  and  aie  apparently  greatest  on  the 
cater  edires  ef  the  basin.  The  avi'ra.se  dip,  liewe\er.  i-  about  40 
dcLTVCe-. 

The  slructiire  ef  the  beds  ibu-  m.l  always  coiUnrni  to  the 
Keneral  structure  of  the  -.vnelinc,  and  many  discordant  dips  are 
noticed.  In  such  ca-es  pressure  has  been  exerted  in  a  ditTcrent 
direotien  to  produce  dips  and  minor  folds  which  strike  in  directiens 
other  than  nortlnve-t  and  southea-t.    Sucli  felds  appear  at  ;hc>  work- 
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liii;-   -i;   (.!■., nil,-  .■r,-.:,    >i  ,1    ,,.    t  .,|lli,-   -  ;!.-ii i 

I'lVlr  lll.|hirMi|,  1,-. 

l,n:i!:iii.r  i-  i,,,|  ;i].iK,rri.'.  .•.\.-i|H  !..  ii  wr\  lain  ■!•  .i'-i.'ri'.\  iu  :  ■ 
il«'>''l"liiii,Mi.  u..ri.  -..  ill!'  iiii.l.'i-i.ikiu.  Siu..il  li'ilt-.  h'>\Tovur.  will- 
n  iiiMiv  ui  (i  ,,r  ••  iriolic,  npiH-iir  in  N.;.  l'  idnii^l  nn  (ho  »ui;lh  sidt 
0^  ilii-  bujiu.  L.ir^'iT  lii'ilt-  Ui  '  iir.iliiihly  W-  tm'.",  lirr..'.!  in  .iuvlop- 
Ul.M.t   of  till.'  lifM    |ir>Mvr.l-.      I-    |,  ,|:iil,.  rrlt.lill    Innii     .tliir  gooloffieul 

evi,|,-ii.'f  ihat   riM-k-i  ui  tlii-  iiuf  \r.i'.<-  i.;, 1  ilii-..iii;li  iMrin.U  .jf  coii- 

si'liTiibli'  n|-og,.|iio  ili-.iiii'iKii ulil.h   mi-iii    i- -nil    In    UiuliiiiLc,  and 

il  i-  th"  v\iH-i-'.rtve  ill  II. .-I  ,.i'  ill,.  , ■,,:•!  ii,.|,U  ,,|'  liii-  ;i-,.  it,  liritijh 
<'"luinl.ia  ami   Wasliiii-i,.!,   ihal    i  .all-  '■(  ->iuv  luamiit  ii-li>  do  o.'cur, 

''"  'li-it   it   i^  rca-oiial.lo  \|:,..-l    iliit   iluy   aro   laT^ciii    Iuti-  iil-o. 

In  l.'ir  ai-coiiiiiaiiyiii-  iiia)i  iiii'l  slnu'ini'i  -cctiHi,  of  tlii?  roul 
ti''M.  a  .^lioof   ot   ohviiK'  lia-ail    i-  shovvn,  oMriyiiii;  llic  foal  ljeariiu< 

"■'"■I.--     Tlio  lia-alt   i>  ai,   i::iir..t|,   , k   whicli   ro-.-  fr-m   tin-  inliai-ir 

of  til-  oarlh  ihroimli  li  — iir.  -  and  llow.d  ovor  tlio  iiiifao,'  Dyk,  ,  of 
thr  -aiiio  rook  ai.|)i'ar  in  tiio  lio.l  of  (Iranilo  <  rook.  ooitinK  the  ro-kg 

whi-ii   iiii.|oi-lio  ihc  roal  l.oai-intr  k-.  and   il   i-  .luiio  prohiihlc  that 

rho\    lra\,r-o  till'  coal  hi-ariii:;-  rook-  aUo,     Tla    -our ,\   the  oliviuo 

ha-alt  i-  iirohahly,  thorufof.-.  to  ho  loniid  l.-oMoath  the  coal  basin 
it-tll,  'I'ho  uiihdraual  of  ik,-  oii\  ino  ha-ali  fi-oiii  tho  iv«:ioii 
licnoatk,  and  il-  dclio-itiou  on  tho  lop  of  tho  ,Mal  lia-iiu,  woul.l  oaugo 
a  road.in-tiiii>nt  of  tho  -Mala  homooii.  and  in  tid-  roadju-tinoilt,  ii 
is  only  to  ho  t>\|.ooiod  thai    faiilliiiLr  rhoidd  liaM^  taken  r!a.'<>. 

1  II  VIJ.M   tt.l!   n|-   Tin;   r..\|.. 

Ii d    \ario-   lioih    ill    physioal   and    ohonii^-al    pr^iioia  I.  -    iV  m 

Olio  part  of  the  tiold  to  another.  On  fn-li  fa-,-  it  has  a  handed 
app.-araiioo.  due  to  alternating'  layers  of  hrijrht  and  dull  lustre,  with 
the  latter  prodomiiiating.  Tho  d  il'  hands,  howevor,  show  inany 
SM  al!  leii-es  of  hriK'ht  ooal  in  tliom.  ^  ilphur,  in  tho  form  of  film- 
of  pyrite,  i-  pre-ent  lait  is  apparently  not  ahundani.  i  he  powdorod 
coal   has  ;i   \ory   dark   lirown   colour. 

Some  of  the  ooal  i^  fracturMl  into  .small  eiibical  blocks,  and  in 
other  scams  it  is  more  iiia--iv,'.  On  oxpo-uro  t.i  the  atmusphcro  it 
breaks  down  in  time  to  a  *im-  du-t.  hut  a-  a  ruh'  resi-t.s  weatherinsr 
for  a  coii-iderahle  period. 

(  heniieal  analyses  of  the  coal  nliuw  that   it   is  to   he  classed  as 
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bituminous,   th'Hijfli   I'lTt.iin    iiiiiily-i'-.    ir.>iii    purtir.ilar   p;irN   •■!    the 

licld   iiiiiiralc  a  s wliiii    Inwrr  yr.nli'.      I'Ih'  rciil-   ri>''riil'li'  ihi-c  ■•( 

till)  Nii'olii  coiil  lii'lil.  iiihI  ;ii'i-  ...iiu'wimf  lu'tii  r  ihuii  rhi'-c  ol  the 
I'riiii'L'toii  (icM.  Mu-i  .il  ilii-  i-.i.iU  (if  ilii-  .\ui'  ill  Briri-ili  Coliiiiiliin 
are  lignitc-i,  Imt  tli(  lii^'air  prail.-  .•!'  tlii-,  i'i.mI  i,-.  nr.-ouiiti-.l  tor  piiL.  r 
|iy    tliij  urt'iiliT   (■"iiiprc--'iMii    1.1    wlii'-li    it    lia<    Imm n    -iidji ctMl,   (i.-  I'l-t' 

b.V    till'    pri'JOIli'c    n(    V(4<%(lll'-    I k-     ill     lllr    ill.llliiliiilc    lll-iullliiHll'iMi.ifl, 

Wllidl  liy  tlicil-  lli;ll  ll.lM-  .|l-i\'iMl  oil'  il  c'lTt.lill  pcT'^'-u!:!!.'''  nt'  MlO 
Wlltl'l-. 

I'll'     il-ll    .i|     ll :l|.     il:     -..||h'    ^ni.lly-i-.    l-    lliiili.    I.:it     llli^    il    I'li.ir- 

ll.'lfri.-!  )'•  .4  •■ihiT  r.,:i|.  o|  lii,.  ..Ill  r  aili-  ill  .I'liili'ilil  .h-lri.'|.,  ,111. 1 
is  (111.'  I.,  till'  l',-M'l  lli.it  till-  -iiMpli-  ulii.-li  ill. -111. I.. I  tliiii  paiiinir-  -l' 
oliiy  w.Ti  i.ik.'ii  li\  .Miiiiirj  :i  . -1:111111. ■!  :i.-r.i»-  tli.  -rath  ffaii  r.i"'  <•• 
tlo..r. 

Ml.-    . ■..!<.'    -.1     ill.-    -aiiipi.-    ii.iiii    llii-    -.-.111:    -111.-    ..|     ill.-    l.a-iii     i, 
stl  111. I    c.'lH-n-lit    all. I    ha-    a    hilt;hl    -il\.-i-\     hi-lr./.       A     Ic-t    vi    .{ 

lilli;.-!'   jiiiiiiplr    lliali    thai     ii-.-'l.    hnu.-v.r.    \Mi'ihl    l-i-    ikji.-i. --a  i-y    Ii.    iilli- 

niiitrly  (il  tiTliiiiif   till kill;;-  .lualilii'-  nl'  ill.-  i-.ial. 

I'hc  CdUc  t'r.aii  the  ( '..lliu-  'ni'.h  -.-an.-  i-  trial,  r  aii-l  1  -• 
oi.licrnit  iiti'l  u-.ul.|  iH-t  -taial  mn.-l  prr  -ur.',  'I'h.-  i;.  i  -ral  ipuiliiy 
ol'  till'  i-.ial    tr-'iii    thi-   pari    .-t    ,'  i-iii    i- .iiil.-ri'ir  t.i    ihai    Irmn   ilu' 

South   side.       I'lit-  (litl'rrini-i'    ,,  ;  a.-. ill.. I    '..r   liy    the  t'a''f    that 

till  ('--liii-  liiil.-li  -1  am-  lie  at  a  irr.  at.-r  -Ii -lain-.  I'r.'ni  ila-  <'\iii-l\  .nir 
vi'h'iiiiii'    r.ii'l<-. 

'I'hi'  t'.ill.iwiiii;  aiialyM-T^  ot'  ...aU  trom  thi-  tii-M  linvo  hcr-p.  uui'le 
ill  ill.-  lalmratory  "t  tin-  |)i-pariiiii-nt  ..I  Min.-.  tin-  lir-l  I'.iiir  ir'.iii 
.-iiiiipl—  lakiii  hy  till-  aiilliMr.  aii.l  tin-  la-t  nv.-  Ir.-iii  -aiiiplf-  ;,n.rti 
by  (ieo.  (ir  W'l.lt  in  l-'ati  ami  piilili-hi-.j  itl  tin-  Annual  Uiport  .  l'  'liO 
(Iciloyii-al  Survi-y   t.ir   !■>'.<:»,  ynigi-  -.'ti   K :— 
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I.^imIiU  I  riik         (  ri'ik  i  r. .  »         (  ..llm. 

Muni'-  iriitii  >  mil  ,.r.,  unit  li. 
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rill"  varlirsl    Work   .l.iiii'   in   il  i-    lii  !il    -Aa-   that  mi   r..|lin-   i;    'i'l< 

where  three  tunnels  of  nnkM"W!i   li'iiuth   w.-ie  run  in  nn   the  ;trik« 

..f  th..  .■i.a!.  TuM  .if  thfjf  i.iiiiil-  inr.r  n  ili..  u.-t  >iii._.  ,f  tho 
inek.  ami  li'.th  have  iiuw  eiiveil  in.  'IK.  itiinl  i^  ..n  iln-  Ca*t  -ide 
..f  the  i-r.i-l<  anil   i-  tlie  Imipe^t  vi  tin    iln.i-. 

I'p  t"   the  *|.riiicr  of  1010  the  prine'|.,ii   work  in   thi?  field  'vas 

earrii"!    ..m    .'ti    tli.'   -Kiiitli   -lide   i.t    the   hfloiij.    and  .■i.ii^i-'i.i      t     six 
10015— 12i 
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lllliiu'l-   .  t    Viiri.Mi,    H-ii^|||.   iiL:i;i.a..!in^'   mvit    I    ;•"'    liil.   iitil    ,i    uri'ilt 

nuiiilM  r  .ii    ..jh-n  .•III-  III!   in  1.     'I'ln  himiii   luhin     i-    i|,;,i    i.h..,,!, 

an   \.i.   .',   wliirh   run.   in   ,.||   th,.  .mriLi*  t'.ir  ;i   .li-tnii..'  .  !    tiinf.'  lliiiii 

**"<•    t.it.         Ill     l|li»    tlll|ll..|     :|     rul-ii'    U.-'J       :|t    nil     llii'    .lit,     1,1      ill     f,|.|     ;|t|.l 

mi.. 111. r  ,i.-r..-.  ill.'  ,|i|.  |,.| |,,.'.      11,,.  |,r.,l.l,iM  ..|'  iriiri-i'.ii  iiitf  th»» 

<-.ial  iiiiii...!  .Ill  flii-*  -i.lr  .il'  111,'  l.a^iu  I,,  th''  mi'". IV  wlii.'ii  ^' ill  run 
ill  'lie  Villi. ■>  .,(■  Till. nil.. 1-11  rix.T  U.I-  ..ii.'  .■!  .'..ii-i.!.  riil'l.'  ijJli.  iilv 
ami  (Mil-.', I  ill.'  .ili;iii.l.iiiiii,,|:i   ,,|   til.'  w..rk. 

••ii    I'l.i-.  r  u'iilli    till    ".,';    i,>|.   .i|,|.i',i.i.l,.  .1    I  ,   in-r   il,.'    I  ulii- 

Hill  h    riM  r,   aii.l    xvrl.    ui -."iiiiitly   .■•  n.'.  ni  lai,    I    ;ii    tlii-    p., int. 

lllTl'     ill.'     .'.III!     -I':11IH     ..lll.ri.M     ;lt      III!     .'Nnill  i.ill     .il'     ,li,iilll      l.ithi     ti-i't 

bIi.'M'  ill.'  rivt'f  iiii.l  <li|i  ir.viiy  tr.'in  r  t.'U.n'.l-  ili..  ..  I'liwc-t.  A 
l.iruf  iiiiliil..'r  ,i|'  .'|i.'ii  •■111-  Il  .'.I'  i,i'.n  iii:i,|,  ,  ii  ilii-  -i,l|.  .,;"  i|i.  ,  ,i-iii 
ti.  ir.i.'i'  llii>  iiiii.'i..|i  .,t'  th.'  -..iiiii-  !r,,iii  ('..lliii-  yiil.li  .ii-Mviir.!.  mil 
a  pi-i'-|ii'i'liii)f  iiiiiu.'l  WU9  i-iii  ill  iMT  .--  iliL'  -irih.'  ,ii  Oic  lir-t  bcnil 
in  Frascr  u'lili-li.  Si.nii'  iliiiin.'ii'l  ilrilliii(i  vv.i-  Li-li'iu  hi  th.  |i..;i.| 
(.r  Kiii-iT  ^;iil.'li  t"  a-.i'i-l.iiii  ih'-  'l.'iiih  III  wlih'l,  il,.'  .''.ill  ^t'liins  lii' 
at  this  |iiiiiil.  .\  iiiiini'l  whi.-li  ii  i-  i)i'.i|i'.-.'.|  i..  m.ik.  rhe  main 
cntr.v  1,1  til.'  nilii'-.  !■*  ti.'iv  ,  iii'^-  .li'iv.ii  rr.i'M  ;i  |...iiii  iii..,,ii  (iiu  i'..,.! 
iiluivt  'ruhiiiii'.ii  r  \<v  I'l'i.iii  I  ■■  i|i-i.l.'f;iM,.ii  ,,:  ill.,  in.r.ii;.  .Ki,  •.!' 
♦ho  '''mI  -.'nin^  :iii.l  till'  A<<iM'  .,i'  ill..  v,iili'\.  it  Ii.t-  I.t-h  (-liinut.'l  llint 

till-   iHlilirl   \i  ill   llii\.'  !.,  I, I-  .ll'i',  .'11   ill..  I' 1 1    .'.IN  HI  t'lt'l    1..  fi.r.'  it    ilil.r Is 

the   l.iu.'i-  .'.nl  -4M1I1. 

Clay. 

!'.'p"-il-  "1  cl.iy  iliMi  II, ay  ho  i!  ii-i-  I'.jr  .-,,11.111,  r.'ial  I'iirp'isP- 
aro  l.'iiihl  in  th.'  I'lilaiiu'.  u  ili-irir'  in  iw.,  liitVi'ioiii  lii'dlojfic.il 
fcirniali.iii-i.  'I'ho  ..M.t  ''lay  .l.'|i..-ii-  .iru  nl  <  Miiri"' n.'  aj:!'  mid  .irc 
fiiiiii.i  in  till'  r.iIiivMii.T  -I'l'it's.  Tho  yi.iiii(ji.r  are  associate']  with 
the   r.'Oiit   .{.'iLwit-i. 

Iho  ( ''ihhvat.T  -itI.--  "I  llii-<  ri.'n;ion  i-  liviili"!  r.,iijrhly  intci 
throe  (.'r.ni|i-  .it'  rnoks,  tin?  midilli;  ono  of  whii-li  con-^i-i^s  of  IW  I'.-ot 
of  vory  ti'j'iilo  -lialos  and  -miio  o,,al  scams.  No  to-fs  havo  hcen  111..  h- 
of  the  shall'-  a.s  a  whulo  ii.  dotoriiiine  their  Milne  !'.■!■  use  in  'ho 
nianiifaoliiro  of  clay  priiiliict.-':  hnl.  a-;.'»opiatcd  with  the  eo.TJ  ■ieains, 
is  a  thill  bod  of  n:a-;-ivo  flay  I'l'.'ii!  li  t.i  l'O  indi.-s  in  fhickness  whi'-h 
ha-*  pr"V,'ii  t.,  Li,,  very  rofra.'L.ry.  It  i.-^  lii.'ht  .'i.li.ured.  -1110.. th  ali.l 
sti.'liv     hilt    .ra.'ks    ha.lly   on    dryinj       It    ha-    lioon    to-i.>i    hv    Mr     -T. 
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I\i.-lr  ,iii'l   l".iii'l  I.'  -I:iii,|  .1  i.tii|>ir.it;.r.-  ..!    l:;iHi     t '.,  but  ir  i-  .i.iuiir- 
^"1  wli  ill.  r  it  .■.111  I..'  ,i„,l.  ;,,  i     will  !.,.(  iiir  ,tr>   iiltiT  th.'iililii.tf- 

All  iiii.l.r,-|,iy  whi.'h  i-  -iii.i  1..  U:,'.,-  Utii  ill.:, nil.. I  from  (iriinife 
rr...-k.  nil. I  |.r.il.,ibly  .■oiii,.i  fn.i..  tlir  i  .lilwulor  -..Hies  in  th.-  ,Bine 
l""""li  ■!-  'Ill'  .|..-.Tii..-,l  .il.ov...  »ii,  .xiiiiiiii...!  bv  (i.  ('.  Ili.irin.itili 
foriiiiT  .•!,..|iii.i  ,,i  ill,.  i;,..i.tfi.-:i|  Survey.'  nii.l  fniiiul  to  burn 
I...r!'..-i!--  v(,-lnt.  III. I  f.i  I...  Mliii..^t  ii.fiisiMo,  H.itfni.im  atiitps  that 
"if  .-..liM  1...  M-,-.|  t.p  'li..  iimiiii'.i.'iirc  ..i  p.itt.Tv  iti.'lii.liiif;  tlio 
liii.'r  Ml.  . •(!.'-  m!  -i.'Ii,.sv  ir...  i»  ■..•11  .(uit...|  f,,r  tli,  muimfH.'f iir.'  nf 
'l'.>'    !ii    '.1.'-.   .1.1.1   w..hI.|   II  ,i1<,-  n    htirly   rofni.'tory  brick." 

.\ii..tiii.-  ■ ',i\-   .|,[.>-it    111    ilii.   r.  iri-.ii    !•  ..I    r.  .■(■lit   (iriuin.  iiri.l   ia 

fi'iiinl  ....vitIiil:   ill."  il ■  -t   lift.  I-   .,  ii||,.y  .,t   t!,..  iM.riliorn  bordor  of 

tlic   111. It,  -11.  ,t.     Tin-   .■I;t.\    i-   :i    h.Ki'  ilipc-ii   .,t    mikti.iwn   lippth   but 
|iri.b.ibl\    r.iiM.j.-i.il.l,"  ii:,.;i!  f\\,;,i.  f.r  it   is  (.xi...-i..|  m  n  nuinbor  of 
point-'   III  On.  r  vnll.^v   ,iv,.r  :i   .li-i, ......    ,■('  about   :;  luilc.^.     AftPr  test- 

iiip  it   Mr.  !<.■.  I.-  liti  I-  iliii  ■•  ^^  HiM  b,    -iiltal.l,.  f.  r  -lie  inniinfapttir* 
..)'  •  r.l  ;ii;ir.v   r.'  I   liri.-k  ■.. 
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H7t.   >7),   s7ll. 
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bv  .1.  A.   IlrrsscT.      Map  .No    1029.  sr.il,.  2  m.  =  1  in. 
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